


THE UNIVERSITY
<

OF ILUNOIS
c~

LIBRARY

GZ(.\

7rz pZ



/





Steam .Road Vehicles.





'jar

STEAM
ROAD VEHICLES

The. Underlying Elements of

Theory and Practice in the

Use of the Steam Waggon
and Tractor.

SECOND EDITION.

• By

L. M. MEYRICK-JONES, A.M.I.Mech.E., A.M.Inst.T.

LONDON

:

1LIFFE & SONS LTD., 20, TUDOR STREET, E.C.4



THE CORNWALL PRESS LTD.

LONDON AND COVENTRY



INTRODUCTION.

T
HE frequent enquiries that have come from readers of Motor

Transport asking for a book on steam waggons and tractors,

and the absence of such a book on the market, has led to

the writing of the following chapters, which are intended

primarily for drivers and users. Hitherto there has been no such

book, though undoubtedly the need for some practical guide has

for a long time been felt, as indeed the ever-increasing enquiries

attest. Moreover, with our realisation of the importance of means

for using home-produced fuel in vital national industries like trans-

port, it is to be hoped that a well tried but much neglected side of

the heavy motor movement may in the future receive far more

attention than in the past, and that, accordingly, the sphere of

usefulness of this book may be correspondingly enlarged. Certainly

the steam waggon and tractor deserve more attention than they

have received in the past.

With the object, then, of providing a practical and useful

handbook for users and drivers, the writer has avoided as far as

possible any ancient history, or abstruse theories, seeking only to

explain the underlying principles which may have practical applica-

tion in the purposes outlined.

Before concluding this foreword, the writer would like to express

his thanks to the makers of vehicles who have so kindly placed

at his service information and illustrations of the machines which

they produce, and at the same time to make fullest acknowledgment

to the drivers and mechanics who, by their contributions to “ Prac-

tical Notes” in Motor Transport, have placed at his disposal their

many valuable experiences, from which much has been learned.

If the book is of equal value to drivers and mechanics, it will not

have been written in vain.



NOTE TO THE SECOND EDITION.

I

N the relatively short period elapsed between the appearance

of the first and second editions, comparatively little alteration,

as distinct from addition, has been necessary. As in its pre-

decessor, the same broad lines of study have been retained

in the second edition. Step by step the steam has been followed

from the earliest stages of its production, first in what may be called

practical theory, and then by studying the manner in which that

theory is actually carried into practice on steam vehicles. Thus,

though the processes of steam vehicle working are continuous and

interdependent on each other, by these means the subject can to

some extent be divided into separate instalments, which is no small

advantage to busy men with numerous calls on their time. On
the other hand, in this edition, numerous extensions are embodied,

including a complete chapter on engine arrangement.

In the near future there is a definite prospect of alteration

in motor car law, more especially that governing heavy motor

vehicles, the total unladen weight and loaded axle weights of

which will almost certainly be raised, and this is already exercising

an evident influence on the design of steam waggons : one well-

known maker is bringing out a new design, and others have new
designs in contemplation, while the advantages of using home-

produced fuel in the present difficult fuel situation is leading at

least one well-known engineering firm to enter the ranks of steam

vehicle makers. Particulars of these vehicles are not as yet avail-

able for publication, but it may be said that, though they incor-

porate certain new features or combinations, they introduce no new

governing principles into heavy road vehicle design.

The first edition of this book has been so cordially received

that the author ventures to hope that the second may be as kindly

treated ; and if usefulness be any index to demand, that it may be

of as good service as its predecessor.
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STEAM ROAD VEHICLES.

CHAPTER I.

THE PRINCIPLES OF HEAT AND ITS APPLICATION.

Heat for Work.

H EAT and work must be regarded as interconvertible currencies :

work can be converted into heat, or heat into work. We
see the former fact evidenced by the sparks flying from
the brake blocks which are performing the work of stopping

a train, in doing which friction is generated and heat produced.
That is a case of the useful conversion of work into heat. Some-
times, however, the phenomenon takes a harmful turn, as, for

instance, when the lubrication of an axle box fails, and some of

the extra work thus thrown on to the engine, involved by the extra
friction set up, is converted into heat, which in some cases raises

the bearing to a dull red glow, and in any case does more or less'

damage to the journal and bearing.

Work for Heat.

We see the other side—conversion of heat into work-in any
engine. In the internal combustion engine the heat, and conse-

quent work, is generated in the cylinder just as and when required,

and in the flash or semi-flash boiler it is generated in the boiler,

still only as and when required, while in the ordinary engine using

saturated steam, or steam at any rate of moderate pressure, the
heat is so generated in the boiler as to produce a constant supply,

which, while steam is up, is always available for the engine to draw
on as needed.

The Principles of Combustion.
Having grasped these facts, let us begin at the beginning of

the steamer—in the fire-box.

Now what is this generation of heat ? In spite of many learned

theories, no man absolutely knows with certainty what heat is,

but it is sufficient for us to know its effects. If we are to control

it, however, we must know its causes. In the case of an ordinary
fire, heat is produced by combustion or burning, combustion being
merely the combination of the fuel with oxygen. This oxygen
is contained in the air, and in order that the fuel can combine with
it, the ashpan must be so made as to allow of a proper flow of air

to the fuel, and the fire-bars be arranged with spaces between them
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for the same reason and to facilitate the proper mixing of the air

with the fuel. The quantity of air thus admitted should be so
arranged that the oxygen in it is capable of perfect and complete
combination with the fuel, neither more nor less. If insufficient

oxygen is admitted, a certain amount of the fuel is unconsumed, and
escapes up the chimney without giving, off its proper amount of

heat. We see visible evidence of this in the smoke, which merely
consists of the uncombined carbon of the fuel in a very fine state
of sub-division, and more or less in suspension ; but apart from
this, there are certain possible heat-giving gases that are invisible,

and these, too, may escape unutilised if the supply of oxygen be
insufficient. On the other hand, if too much air and oxygen be
admitted, the fire is apt merely to become chilled and dull.

Fire-bars,

Obviously, then, the space between the fire-bars is a matter
of much more moment than at first sight it appears. Equally
obviously the size of these spaces should depend on the fuel used.

Coke, for instance, will require wider spaces between the bars than
will, say, Welsh coal, In such a matter as this, however,- a manu-
facturer supplying vehicles to all parts of this country, and probably
to many countries of the world, can at the best only compromise ;

it is not a practical proposition to produce a different pattern of

fire-bar for every sort of fuel in use ; one might as well reduce the
idea to its logical conclusion, and produce a different pattern of

fire-bar for every grade of each sort of fuel.

None the less, this question of fire-bar spacing is one well worth
the attention of the user or his driver. A little experimenting
based upon careful thinking may lead to a considerable reduction
in the coal bill, but not only careful thinking, but experience is

necessary if such experimenting is to bear any fruit ; otherwise
it is far worse than useless. Unless a sound reason can be given
for the alteration of the fire-bars, they had much better remain as

they are. If it is fourid, however, that any undue amount of imper-
fectly consumed ash is being dropped into the ashpan, if the fire is

sluggish, or there is an undue amount of smoke, then the user would
be wise to confer, if possible, with the makers. In the former cases

the spaces are probably too wide ; in the latter'case not wide enough;
for, as was said before, the smoke is merely unconsumed carbon.

Additional Air above the Grate.

If, then, additional air were to be admitted above the fire,

it will be seen that the oxygen in it would combine with this un-
consumed carbon, and more or less stop the smoke. That is the

principle on which the fire-hole door is sometimes opened to keep
smoke down, though the practice is very objectionable in itself,

in that it chills the fire-box, setting up contraction, and consequently

tending to leakage of stays and tubes.

This principle of admitting oxygen above the fire to ensure

complete combustion has not always been confined to smoke pre-
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vention. Many years ago some locomotives were built with tubes
led through the water spaces around the fire-box to allow air to

flow into the box above the fire, while in another case the oxygen
above the fire, instead of being supplied from the air, was supplied

from jets of steam, for steam also is largely composed of oxygen,
since water is only made up of two parts of hydrogen to one of oxygen.

Regulation of Air from under the Fire.

The idea of admitting oxygen above the fire-bars, however,
is not sound in principle, for it presupposes an insufficiency of air

coming through the fire from underneath, and the idea is particularly

unsound when this oxygen above the fire-bars is derived from
air ; for whereas the air admitted from underneath is heated by
passing through the fire-bars before it touches the fire-box plates,

that admitted above the fire would ordinarily enter as cold air

and have the effect of chilling the plates and setting up trouble.

As already indicated, therefore, both designer and driver should
rely entirely on the air admitted from' underneath the fire, and
this is regulated by the ashpan door or damper. When one comes
to consider the immense variety of condition and requirement in

steam vehicle working, it may well be suggested that in many steam
vehicles of the present day this regulation df the damper is a point
all too much neglected, and the writer would like to enter a plea for

arrangements more generally allowing of its finer adjustment.
In view, too, of a brief description of some modifications made

in his waggons by a driver of many years’ experience, which
were published in Motor Traction, we may well ask also whether
the position of the damper at the front of the ashpan is always
the best possible. It is true that in these particular cases the
modification was carried out to adapt the boilers for burning
coke, but it may be questioned whether the orthodox position for

the damper is not to some extent the result bf an analogy which
possibly does not always hold good. No one will question that
the loco, type of boiler for waggons and tractors has been derived
from the traction engine, and the traction engine from the loco-

motive. Now, in the locomotive, the ashpan is necessarily in the
front ; the fact that dampers are in some engines placed at both
ends of the ashpan does not affect the contention, for this is only
done because such locomotives frequently have to run in back gear,

in which case the back end of the ashpan becomes the front as far as

the direction of running is concerned. That it is possible to do
without this damper at the back is evidenced by the fact that main
line locomotives are designed only with a front damper, on the
ground that such engines will have to do comparatively little tender
first running. Yet we must admit that it is generally recognised
that the average locomotive must have its damper in front as far

as its direction of running is concerned ; but it must also be remem-
bered that the speed of the locomotive is very different from that
of steam waggons, and that, when we come to reason it out, it appears

[
that this front position on locomotives is largely due to the ques-
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tion of speed, which is such that there would be a tendency for
partial vacua and air eddies to form behind the fire-box as the engine
rushed along. These might draw air out through a damper at the
back. At road speeds, however, this possibility is infinitely less,

especially on solid-tyred vehicles, and there is apparently no reason
why a steady and fairly equal flow of air might not be obtained
past the damper, if it were placed at the back end of the ashpan.
In such a position it might possibly be less influenced by wind.
On the other hand with the damper in front, the flow of air is to
some extent automatically adjusted to the requirements of the
engine, for, as the speed increases, and corresponding demand is

made on the engine and boiler, the supply of air to the fire at the
same time increases. Against this, however, it may be argued that
the demand of the engine and boiler is by no means always pro-
portionate to the speed, especially in road work, where hills are so
much more pronounced >than on the railway.

The writer does not throw out this suggestion in any critical

spirit,v or with any wish to teach designers or drivers their business,

but merely as being worth careful consideration. The designers
and manufacturers of steamers are themselves the first to admit the
almost inevitable tendency for this class of work to be influenced

by convention and to get into a gjroove.

Smoke and its Prevention.
Now we have seen that under defective conditions a certain

amount of fuel may escape up the chimney unbumt in the form of

smoke, but we may easily exaggerate the amount of loss that this

smoke represents, for the particles of carbon of which the smoke is

composed are so light, and in such a fine state of distribution, that

even the heaviest smoke obtainable represents only i% of the total

fuel, as was shown by the experiments of Scheurer-Kestner. Never-
theless, this escape of unused fuel in one form or another is a very
important matter, for the amount of loss represented by the smoke
itself is only a fraction of the total loss of heat possibilities, much
of the hot and partly unconsumed gas that passes up the chimney
taking the form of carbon monoxide (CO) and being invisible.

Again, there is the possibility of complaint against this sort of thing.

As soon as the hot gases have passed through the tubes of

the boiler, they have practically ceased their useful work, and
merely represent heat loss, unless a superheater be fitted in the

smoke box ; and even then only a proportion of the waste gases is

used. As to thp extent of this total loss, let any man feel the smoke
box, or chimney, or let him watch the red hot patch on a smoke
box that is drawing air, and he will then appreciate the importance

of reducing heat loss as much as possible. But this can only be

done by careful firing and careful control of the damper and blast

;

in other words, by careful engine working.

Concerning Heating Surface.
The problem in a steam generator is, however, not only to

ensure that all the fuel shall .be completely consumed, but that
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the heat of its combustion shall be effectively transmitted to the

water in the boiler. Therefore in the first place we must have
adequate heating surface. In the locomotive and the vertical types
of steam generator, the fire-box in itself does not offer sufficient

heating surface, and for this reason the hot gases from the fire,

instead of being led away through a single flue, are generally passed
through a whole lot of tubes to the smoke box, since the heating

surface afforded by the many small tubes is far greater than that

offered by a big single* flue. This is the arrangement universally

adopted in boilers of the locomotive type and in vertical boilers

like those of the Leyland vehicle. In one type of vertical boiler,

however, a single flue is used, but the necessary heating surface

is obtained from circulating tubes passing across the fire-box, so that
the water in these tubes shall be heated by coming into contact
with their surface, for the tubes pass across the fire-box. This
is the principle of the boilers on the Sentinel and Atkinson waggons.
In the first case we have the fire (or at any rate the hot gases) inside

the tube, the water outside: in the second instance things are

reversed
; the water is inside, the fire outside.

The latter principle is, of course, carried to a much greater

extreme in the water tube boiler, which is little more than an arrange-

ment of a large number of tubes with their lower ends expanded
into headers, their upper ends into a steam drum. The header and
the tubes contain water, and the tubes are inclined so as practically

to form the sides and roof of the fire-box
;

in fact, to use an Irishism,

the water tube boiler is little more than a fire placed between walls

of tubes with a steam container at the top, the tubes being sloped to

subject them the more advantageously to the heat of the fire. This
type was exemplified in the Savage steam waggon of a few years
ago, but, as it has not been perpetuated, we need at present spend
no great time in its

%
study ; it is sufficient to point out that with

this arrangement very large heating surfaces are possible, and
consequently the boiler is a rapid generator of steam.

Scale Deposit and its Removal.
But when we have ensured adequate heating surface, we must

still make sure that the heat of the fire is transferred to the water
to the best advantage. As drivers know, when water is being
continually boiled, certain salts, chiefly carbonates and sulphates
of lime, are separated out from the water, and deposited on the
surfaces of the boiler. So first by increasing the thickness of

material through which the heat has to be transmitted, and secondly
(and more importantly) by standing in the way of the proper con-

.

duction of the heat, the scale thus deposited enormously detracts
from the efficiency of the boiler. Therefore the means that are
provided for the removal of this scale enter into the design of the
boiler as one of its most important qualities. For this purpose, inspec-
tion doors, mud-hole doors, or wash-out plugs are fitted in such
positions that the boiler can be frequently opened up for removal
of the deposit. The importance of these fittings, and their position

B
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for offering facilities for scaling, cannot be over-rated. Of course,

soda, or special preparations, can be put into a boiler for dealing
with the scale, but their action is rather to soften it and loosen it

than to do away with it—to facilitate its removal rather than its

elimination.

jb The extent to which this scale is deposited in the boiler, of

course, depends for the most part on the hardness of the water
used ;

with hard water, in which there is much lime, it is very
extensive, but in some localities, where the water is soft, this matter
gives relatively little trouble. In the former case, accordingly, it is

wise to arrange for a supply of rain water as far as possible. The
quality of water available, therefore, must be a factor in the choice
of a boiler as far as the washing out and scaling facilities go. In
some districts the water is very bad, and it does not take very long
before some parts may be absolutely filled with deposit, if the
water spaces are narrow, with the result that there is grave danger
of the fire-box becoming burnt, or, if the evil is allowed to continue,
explosion or other serious trouble occurring.

Water and Steam Circulation.

This question of water spaces is an important one, not alone
because of the deposit of scale, but from the circulation point of

view. Having ensured that th6 heat is consistently transmitted
to the water with efficiency, we have yet to ensure that every facility

shall be given for steam to be generated from that water. If we
put some water, with some small pieces of foreign matter in it,

into a glass test tube, and boil it, we shall see that as the water
boils it rises rapidly towards the middle, and that as it rises fresh water
flows in from underneath to fill up the vacancy that would other-

wise be left. This water again has to be replaced by other water
higher up around the sides of the test tube and so on, and thus the
water is circulated round in continuous movement. All this is

evidenced by the movement of the pieces of foreign matter in the
water. Now these convection or circulation currents, which are

thus set up, are very important for the free production of steam

;

they should not be hindered, but a boiler should be designed to

assist them as much as possible, and to allow the small bubbles of

steam to rise easily to the surface of the water. In those types of

boilers using circulation tubes through which the water passes,

more or less horizontally, across the fire-box, it will be noticed

that these tubes are given a slight incline for the very purpose of

assisting this circulation. If the water spaces are too restricted,

these circulation currents are hindered, the production of steam
is slower, and the efficiency of the boiler is lowered, for the fire

continues just the same, but the steam production being slower,

less steam is given off in a given time for a given amount of fuel.

A good instance of the value of free circulation was afforded

years ago on the Great Western Railway in the locomotives of

the Great Britain class. These engines were constructed for the
broad gauge, which offered an opportunity of increasing the size
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of the boilers. Accordingly they were made with boilers having
barrels of 4ft, 8in. diameter, which was big for those days. To
obtain as much heating surface as possible 305 tubes were crowded
into the boiler barrel with only Jin. spaces between them. The
result of this crowding was best shown by some comparative tests

with an engine of the Sphynx class, built by Sharp Bros, and Co.

In these engines the boiler barrelwas only 3ft., 8in. in diameter,

and it only contained 142 tubes of 2 Jin. diameter, but these were
spaced to give a clear 9-i6in. between them. Yet, though the
Great Britain's boiler was practically of twice the capacity of its

smaller rival, both generators evaporated the same amount of water
an hour, namely, 233 cubic feet, the little Sphynx boiler consuming
1,663 lb. of coke, while the Great Britain required 1,891 lb. for equal
evaporative duties—and this in spite of the fact that the fire-box

of the Sphynx was only about half the size of that of the Great Britain.

Vertical and Horizontal Heating Surfaces.

The effectiveness of heating surface is, therefore, in part
dependent on the arrangement of the water..space which is next
to it, but the position of that heating surface is also most important.
It can easily be seen that with the tendency of heat to work upwards,
and in view of the convection currents, a horizontal surface with
the water above it is the most efficient ; a vertical surface possesses

only half the efficiency of a horizontal surface, as was shown years
ago by the researches of Armstrong, and it is for this reason—to

get away from the vertical—that the sides of a fire-box are inclined

as much as circumstances permit. In the ordinary type of fire-box,

however, the degree of this inclination is strictly limited, because
the more the fire-box walls are sloped inwards from top to bottom,
the more the most valuable heating surface of the fire-box crown is

reduced ; the matter is, therefore, one of compromise.
These few principles will enable users to appreciate some of

the broad advantages of certain forms of fire-box design*

On the Relative Values of Tube and Fire-box Surfaces.

Now the heat from the fire on the grate, or fire-bars, is trans-

mitted ,to the water that has to be converted into steam in the
boiler, through the surfaces of the fire-box and of the tubes. Of
these two the surface of the tubes represents by far the larger pro-
portion, but in its relative heating capacity every area unit of fire-

box surface is far more valuable than a corresponding unit of tube
surface : moreover, the value of the heating surface of a tube at its

smoke box end is much less than at its fire-box end, especially in

the case of locomotive type boilers.



CHAPTER II.

A CONSIDERATION OF SOME TYPES OF BOILERS.

From the Practical Point of View.

H AVING now got the idea of some of the main principles urider-

lying steam generation, we are in a better position to form
a sound opinion upon the advantages of any particular

design of boiler, but before we can regard our opinion as

in any way final we must also go thoroughly into the practical side of

the question, for in the working of steam boilers on the road there

are very many details which affect the efficiency of working, and
it is only the man that is daily up against them who finds them
out. In dealing with the question then from this practical aspect
of the driver, the writer has made full use of the many excellent

contributions that from time to time have been sent to Motor Trac-

tion by drivers of steam vehicles, and he would like here to make
full acknowledgment of the long experience and practical skill

that have thus been placed at his disposal.

The consideration of boilers or any other thing from the practical

aspect is a matter of taking things as they are, rather than as we
think they should be according to our theories

;
therefore we must

consider boilers as they are, not necessarily as we think they should
be, and to do this efficiently, our best way is to take the different

existing types and make a separate study of the merits and dis-

advantages of each one.

Going on these lines, we may classify boilers of existing makes,
upon which the writer has sufficient data to form opinions, under
the following categories : (i) Locomotive

; (2) double-ended loco-

motive
; (3) vertical, fire tube ; and (4) vertical, water tube.

The Loco. Type of Boiler*

The locomotive type of boiler has been placed first owing to

its being far the most widely adopted of ^tny variety. This is only
natural, for after having proved so effective on railway "locomotives,

it was a natural sequence that it should be adapted first to agri-

cultural and road traction engines, then to the smaller tractors,

and to the steam waggon.
In the latter connection the Foden waggon may be taken as

representative of the class, since Fodens of Sandbach are the people
who introduced the over-type locomotive boilered waggon, and to

them the greatest credit is due for the high pitch of efficiency to

which it has been brought.
In each class, however, there are various sub-types of boiler,

and in the locomotive boiler we find the varieties differentiated

chiefly by fire-box construction.
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Varieties of Fire-box Construction. % *

In the ordinary locomotive design the flat surfaces of the fire-

box, not being as naturally strong as cylindrical surfaces, require

staying, and thus the outer and inner shells are braced together by
stays. At the front of the fire-box the tubes largely serve to stiffen

the tube plate, but at the sides stays, screwing in to both inner and
outer shells and with their heads riveted over, brace the two plates

together.

At the sides, where both inner and outer plates are flat, this

method affords no difficulties, but at the top, while the fire-box

crown is flat, the outer shell of the ordinary locomotive boiler follows

the curve of the upper part of the barrel—it is a semi-cylindrical

surface ; consequently, though direct stays, like those at the side,

would quite well screw into the outer shell along its top, difficulty

would be experienced in screwing them through the sides of the
outer shell where its circular surface would involve the stays passing
through the plate at a more or less acute angle

;
and still further

trouble would be experienced in snapping them over. To avoid
this difficulty, therefore, in the
ordinary locomotive design the

crown is stiffened by roof bars,

to which the crown plate is

bolted at frequent intervals,

and these bars are slung from
brackets riveted to the outer
plate of the boiler, so that
any tendency to bulge the plates

outwards away from each other
would be at once resisted by
the sling bolts, though it is

doubtful whether this would
ever happen, as the stiffening

effect of the bars on the crown
plate, with the additional support from the sides of the fire-box, should
certainly be found to be quite sufficient. Fire-box roof staying like

this is illustrated by fig. i, in which the roof bars are seen lying

along the top of the roof of the fire-box shown in section
;

the bars,

however, sometimes lie across the roof.

Direct Staying.

Even in "small boilers, however, this arrangement of fire-box

roof staying is rather heavy, while the roof bars themselves do not
make for great accessibility when it becomes necessary to remove
the scale deposited on the fire-box crown from the water in its

conversion into steam.
The boilers of steam waggons and tractors, however, are so

small that with the rows of stays at the usual pitch, or distance from
each other, three or four rows are sufficient to stay the fire-box roof,

and consequently in many designs direct stays between the curved

Fig. i.—

R

ough sketch to explain how the flat

surface of the fire-box crown may be stiffened
by roof bars, which are held to the outer
shell by sling stays.
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outer shell and the flat fire-box roof are preferred. Some makers
have the stays made with nuts at each end to help, while some get
over the difficulty, already mentioned (where the stays pass obliquely
through the outer shell plate), by riveting on the outer side of the
outer shell a strip with lugs formed to it, and these lugs when drilled
with the boiler shell afford, for the nut of the stay, a seating at right
angles to the stay itself. (Fig. 2.)

The Garrett and Marshall Fire-boxes.

To get over the whole difficulty of staying, and leave the space
above the fire-box crown absolutely clear, Messrs. Garrett1

, of Leis-
ton, have altogether dispensed with stays, and rely entirely upon
stiffening the crown sheet by forming it with corrugations as in the
illustration (fig. 4), while Messrs. Marshall, of Gainsborough, stiffen

Fig. 2.—Demonstrating the method by
which Messrs. Tasker and Sons,
Ltd., get over the difficulty of pass-
ing stays through the oblique sur-
faces of the curved outer shell.

their fire-box crown by pressing the plate out with two stiffening

ribs crossing each other diagonally (fig. 5). Both these fire-boxes

offer materially lighter forms of construction than *the ordinary
locomotive, or the Belpaire boiler next described.

On much the same principle, by the use of a rounded form
of roof, stays are avoided in the boiler of the latest Robey waggon.

The Belpaire Boiler.

By both these methods the external fire-box shell can at its

top follow the simple semi-circular curve of the boiler barrel, but
there is another way out of the difficulty. This is by forming the
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top of the outer shell flat, so that direct staying is perfectly easy
between it and the flat crown sheet of the fire-box (fig. 7). The
first step towards this form is seen in fig. 3. This variety of the loco-

motive boiler is known as the Belpaire, and it is becoming steadily

more popular, for, though it does not leave the fire-box crown quite

as clear and open for scaling as do the Garrett and Marshall forms of

construction, it has the advantage of possibly greater safety than
any other type. To illustrate what I mean, let me recount an accident
that happened many years ago. A fireman of a locomotive with a
Belpaire boiler let his water level down below the fire-box crown,
which, of course, became overheated, and as there ^was no fusible

plug on the engine in question, in the ordinary course of events a
serious explosion would have occurred. What happened in this case

was that the steam pressure of the overheated fire-box sheet bulged
the crown plate locally, with the result that a stay pulled through,
or, to be more correct, the plate was forced off the stay end, stripping

the thread in the process. The steam consequently blew violently

into the fire-box through the
stay hole thus opened, and
though the blow was quite

enough to send the flame
through the fire-hole door, it

was not violent enough to con-

stitute an explosion in any sense

of the word : it only acted as

a glorified fusible plug. Mean-
while it relieved the boiler

pressure, which was still further

relieved by other stays pulling

through, and thus, instead of

, the boiler exploding, it merely
blew off rapidly. In addition
to safety, the Belpaire offers a
larger steam space than normal
just above the roof of the
fire-box.

When the Belpaire boiler

was first introduced there was
a tendency to make the flanged-out shoulders of the outer fire-box

*
sheet too sharp, with the result that cracks tended to develop,

but nowadays this is a fault seldom, if ever, experienced.

The latest development is the circular and dome topped fire-

box, first introduced some two years ago on the Robey steam waggon,
and since then also adopted in the Ransomes waggon, the outer
shell at the back being correspondingly domed and following the
lines of the inner fire-box. Only the tube plate is flattened, and
this part is amply stayed by the tubes themselves. As a cylindrical

surface is much stronger to resist pressure than a flat surface, stays

around the fire-box sides are unnecessary ;
and since for resisting

pressure a sphere is still stronger than a cylinder, roof stays are

Fio. 4.—The Garrett corrugated top fire-box.
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still less necessary. Thus a very material weight reduction can
be effected, while the absence of stays to obstruct the circulation
tends to free steaming qualities. For steam waggons perhaps the
greater of these advantages is the decrease in weight, and it is largely
for this reason that it is likely to be incorporated in the designs
of other makers besides those already mentioned in connection
with it.

Fig. 5.—The patent fire-box fitted to all

tractors built by Marshall Sons & Co.,

Ltd.

Advantages of the Loco* Type.

Having reviewed the varieties of the locomotive type boiler,

we may consider its merits and demerits.

Taking the advantages first. To begin with, it is well tried—in

fact, the best tried of any type of boiler—it is the outcome of many
decades of experience, and this " well-triedness ” carries with it

the additional advantage of

being well known
; so much so,

that it is easier to find men
familiar with the working of

locomotive type boilers than of

any other
;

it is, in fact, the
easiest sort for which to obtain
labour.

In the jiext place, it is ex-

ceedingly economical. This is

no doubt due in a large measure
to the »fact that, as it lends

itself to carrying the engine on
top, it facilitates the steam
jacketing of the cylinders, and
reduces the steam piping in a
way that no other boiler can,

and thus we can better prevent
condensation in the cylinders

and in the pipes. There are

other reasons, too, for this^

economy, however. The fire-

tubes are longer than in other

types of boiler, and consequently afford greater heating surface, while

for their whole length they are submerged, and, lying practically hori-

zontally, are in a better position to carry off the heat to the water
than is a vertical tube.

Again, the boiler is very durable, and is distinctly lighter on
repairs than most types. Many drivers say it will stand rough
treatment better than any other. As to the repairs, as the result

of their experience Messrs. Watson and Kennedy, in a paper read

before the Institution of Automobile Engineers, stated definitely

that waggons with locomotive type of boilers carrying the engine
on top can be overhauled at less than two-thirds of the cost neces-

sary for under-type steam waggons. Of course, this cannot altogether

be set down to the boiler alone, but we can at least say that
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without the boiler the rest woul<J be impossible. With the arrange-

ment of the over-type waggon, in engine and boiler we have prac-

tically a single compact unit requiring nothing like as much work
in fitting to the frame as a separate boiler and engine. As far

as the boiler itself goes, the cost of repairs is lessened by the

ease with which tubes can be removed and put in (this is a
good deal easier than might be thought), and no doubt by the

fact that they can be swept with steam up, for obviously if one
can sweep one's tubes at any time there is less likelihood of

having to force the boiler. This comparative lightness on repairs

may also, no doubt, be due in part to another of the main merits of

the type—its large water capacity and steam space gives it such a
margin of power that it can respond without requiring to be
unduly forced. *

Fig. 6.—The Robey boiler with round fire-box.

The same large capacity again, combined with its form, renders
it less liable to priming than any other sort of boiler, except perhaps
when going down hill with the water level " swashing ” high up
to the front of the boiler barrel. But, after all, going down steep
hills one seldom wants the assistance of the engine, unless in fact

it be as a braking force
;

indeed, it is when pulling hard up a steep
hill that the tendency to prime generally shows itself in other types,

and it is under these conditions that the loco boiler is least liable

to prime. Finally, the large capacity involves fewer stops for water.
It is, no doubt, its ability to resist priming, too, which enables

the locomotive type of boiler to work with waters that would be most
objectionable in other types. In that the locomotive type of boiler

makes the over-type of engine possible, we have seen how it imparts
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thereby certain merits in steaming
; but it also affords sundry advan-

tages to the driver, for, being able to see the position of his engine
cranks, he can ensure starting his vehicle with the cranks at the
right point, and thereby is able to get away more easily. Further,
being always able to see his engine working, he can supervise it

better. Finally, the over-type position gives better access to the
engine than does the under-type, yet affords a reasonably low centre
of gravity. In shed work this sort of boiler allows fairly good access
for washing out. ,

Fig. 7.—An old design of Fowler compound steam tractor (gearing side), showing the Belpaire
form of boiler, with the “ shoulders ” of the outer fire-box shell projecting.

The Disadvantages.

Let us now turn to the disadvantages of this type of boiler.

The general opinion seems to be that the greatest drawback lies

in the fact that, owing to its shape, the tendency is for the water levfel

to uncover the fire-box in descending a hill, and the front end of

the tubes in ascending. It is not suggested, of course, that the
fire-box crown is generally uncovered—at any rate, it would take
a very severe hill to do so—but the fact Remains that the tendency
is there, especially when the water level is rather low, axid that it

is a recognised evil was proved by the introduction of Hindley’s
boiler (and a very excellent boiler it is, so I am told by one who was
using steam waggons in which it was fitted), designed to meet this

difficulty. Under these circumstances obviously the range of water
level must be comparatively small ; indeed, very generally a maxi-
mum of 4m. to 5in. only is possible.

Again, unless it is constructionally modified, the locomotive
boiler is very particular about its fuel, at any rate if it is to work

[
economically. The comparatively long tubes call for a coal With
jome amount of flame

; coke does not suit it. I say " unless
1
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constructionally modified ,” because in Motor Traction there has
appeared an article in which an experienced driver described

how he successfully modified his loco type steam waggon to burn
coke, for which purpose he fitted new fire-bars, the larger spaces

between which gave him more air, and he also turned round the ash-

pan so that the damper was at the rear end. Finally he arranged
for the damper to be given finer possibilities of adjustment than
in the ordinary steam waggon or tractor. However, speaking
generally, drivers seem agreed that coke is an unsuitable fuel

for the locomotive type of generator, requiring also frequent oppor-

tunities for clinkering out.

One very general objection cited against this class of boiler is

the room it takes up on the chassis.

It is stated that the loco, boiler, too, leads to a heavy type.

This, too, must be admitted, but the difficulty is being overcome in

the Robey type of boiler. Finally,, critics maintain that the over-type
design puts too much weight on the back axle, and, speaking broadly,

this too is undeniable, though this has been minimised in latest

designs. To some extent, however, it is the reverse of an objection;

at least, it gives plenty of weight on the back wheels, which thus
have better adhesion, and can get over slippery ground all the
better for it. To my mind, the disadvantage only really exists

when the back axle weight exceeds the legal maximum, and the
fact is discovered by the authorities, assuming, of course, no gross

overloading or unduly high speeds.

While the locomotive boiler gives the driver an exceptional
view of his machinery when working, it does not give him as good
a view of the road as most other types

;
indeed, I believe there is

only one over-type design in which a clear view is afforded. Also, on
some makes the driver is liable to get splashed with oil from the engine.

Another' criticism carrying some weight is that the over-type
waggon does not lend itself to one man working to the same extent
as vehicles with vertical boilers, though in the case of side-fired loco,

boilers, such as are found on the Mann vehicles, this objection
certainly does not hold water.

Some drivers, too, object to the arrangements by which the
weight of the waggon is taken on to the front axle by the smoke
box, and to the traction engine form of steering thus involved.
It may well be doubted, however, if either of these counts for a real

objection. After all a tubular construction is very strong, and
we know of drivers who, though running on rubber tyres, prefer

the centre perch bolt form of steering to the Ackermann type as

adopted on motor cars, and maintain further that in their experience
it does not unduly wear the tyres.

Balancing the advantages against the drawbacks for this

type of boiler, it looks as if there is ample reason for its popularity.

The Double-ended Locomotive Boiler.

The double-ended locomotive type of boiler was introduced
on the Yorkshire steam waggon, and to that waggon its use has
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been confined
;
indeed, it forms one of the most outstanding features

of the vehicle.

This variety has many real advantages. It takes up remark-
ably little of the chassis length, and is but little affected by gradients

;

indeed, with it a water level variation of 8in. is possible, and it

would take a gradient of i in 3 to uncover the tubes. Owing to

Fig. 8.—A sectional drawing showing the Yorkshire double-ended locomotive boiler. In this

tubes go from the fire-box to the smoke-boxes at the ends, and thence return tubes take the
gases back to a central combustion chamber below the water level at the base of the chimney.

the comparative shortness of these tubes coke can be used effectively

in the Yorkshire fire-box. It is certainly economical and durable,

and the large numbers in use, especially in the North, are the best

testimony of this fact. The excellent economy of this design is
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#no doubt considerably influenced by the utilisation of the exhaust
in such a way that the oxygen of the steam may effect more
complete combustion, on the principle already explained in the

previous chapter. From a reference to the sectional drawing
it can be realised how the exhaust is led in at each end, and how
it is then carried along jets inserted in the return tubes leading

to the combustion chamber in the middle. This way of dealing

with the exhaust also gives a very quiet and sustained blast on
the fire, for the combustion chamber acts as a sort of expansion
chamber (much as does a silencer on a petrol engine) and “ damps
down ” the sharpness of the exhaust, thus also obviating or lessening

any possibility of the fire being pulled about by an unduly sharp
blast. Also, the- boiler gives a better view than the ordinary
design, and lends’ itself better to single-handed working. Finally, the

two tube plates, with their sets of tubes, give greater heating surface.

Against this, however, must be set the greater complication
of construction, and the greater number of parts.

The Vertical Fire-tube Boiler.

The vertical fire-tube boiler, of which in modern' times the
Leyland is perhaps the best exponent, has the advantage of being
a quick steam raiser, and, moreover, the water level is not much
affected on hills. Taken all-round, it perhaps constitutes the simplest

type of generator, for the fire-box is circular and requires no stays,

since the tubes act as stays for the more or less flat tube plate at

the top of the fire-box.

Beyond the question of water level and construction, however,
the shape of the vertical boiler offers several advantages, as com-
pared with the locomptive type. A boiler of this shape can be
carried well forward, so that more weight is put on the front axle,

leaving more margin for load at the back.

Again, owing to its shape, it can be more easily handled by one
man than a loco, over-type steam waggon, and it affords the driver

a better view of the road. Some say it lends itself better to Acker-
mann steering, but though vertical waggons usually have Ackermann
steering, and locomotive boilered waggons do not, there is no reason
why in the latter class of vehicle the front axle, instead of pivoting
on a perch bolt, should not be of the Ackermann type: indeed the
Kansomes waggon has this class of steering. .»

As to the accessibility of the vertical boiler, opinions are divided :

some say it is good, others the reverse
;
but I suggest that this state

of things can be explained by the differences in various makes of

boilers, for some of the old-fashioned vertical generators certainly
left a lot to be desired in the way of accessibility. Taking the
modern boiler as exemplified by the Leyland, however, such a
criticism cannot well hold good. It is true that the opening of

the smoke box involves a little more work than on a locomotive
form of boiler—it means the undoing of six gunmetal nuts in the
case of the Leyland—but since the upper part of the boiler is made
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so that it can be drawn off (by breaking the two main joints the*
whole interior of the boiler can be opened up), it leaves tubes and
fire-box absolutely open for scaling or repair. With this boiler,

at any rate, the criticism that it is difficult to draw tubes, and to
scale them and the fire-box crown, falls to the ground. The joints,

however, require careful making, in which the application of black-
lead will greatly help.

Sometimes these vertical boilers are fitted with dropping fire-

bars, which are not much used on locomotive type boilers,

and the possibility thus introduced of drawing one’s fire quickly
and easily is claimed as an advantage, though the possibilities of

thus chilling the fire-box leave

the dropping fire-bar an advan-
tage of very doubtful value
in the opinion of many ex-

perienced drivers.

Disadvantages of the Fire-*

tube Boiler*

The chief disadvantages
alleged against the vertical fire-

tube boiler centre around the
fact that the tubes are only
partly submerged ; their lower
length is under water, but
towards the top they pass

through the steam space, and
thus, if the boiler is forced,

they may tend to overheat and
cause leaks at the tube plate.

Again, since the tubes are

short, compared with those in

locomotive waggon boilers, to

make up sufficient heating

surface they have to be more
numerous, and as scale has a

natural tendency to be de^

posited on the flat crown tube

Fir.. 9.—The Leyland vertical tire-tube boiler. '
plate of the fire-box, the pre-

valence of many tubes with

small space between them does not facilitate scaling at this part.

The shortness of the tubes, too, does not tend to heat efficiency,

for not only do they provide less heating surface than in the loco-

motive style of boiler, but they allow greater opportunity for waste

gases to escape unconsumed up the chimney.
Also the vertical boiler is more liable than the locomotive

to get clogged with deposit round the fire-box, causing overheating,

though if the waggon is given a shed day every week, as it should

be, and the boiler is properly washed out, this objection should

not arise.
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Speaking broadly, there seems a very prevalent opinion among
drivers that, while the overhead locomotive type waggon is best for

long journeys in the country, the waggons with boilers of the vertical

type are often handier for town $prk.

The Vertical Water-tube Boiler*

In talking about water-tube boilers, I have purposely confined

myself to the vertical design, for the only protagonist of what
I may call the marine water tube boiler (more or less of the
Yarrow or Thornycroft type) is not now made ; which is a pity,

as the Savage steam waggon, on which it was used, performed
very creditably, if I remember rightly, in the R.A.C. heavy vehicle

trials of 1907, and had it been possible to lavish the same amount
of resources and attention on it as has been devoted to some
other types of vehicle,

as, for example, petrol

waggons,, it might have
produced some fine results.

As it ' is, however, this

sort of water-tube boiler is

not now represented on
the market. The type
that is in being is a boiler

of much larger internal

volume, somewhat on the
lines of the vertical fire-

tube type ; but instead of

depending upon the heat-
ing surfaces of tubes with
the fire on the inside and
the water on the outside
surfaces, the reverse is the
case, and tubes circulat-

ing the water inside are
brought across the fire-box

to increase the heating cunkekinq

surface.

Like the vertical fire-

tube boiler, it is a quick
steam generator, affords a
good view of the road, per-

mits of a position afford-

ing correct distribution of

weight, and is little affected by water level difficulties in going up
or down hill. Moreover, it can use inferior fuel, and is’ claimed
to be lighter than the locomotive form of boiler ; indeed, it is

probably the lightest for power of any except perhaps the flash and
semi-flash generators. Some drivers, too,, maintain that it will stand
more punishing than any other.
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By now this boiler has probably been reduced to its simplest

elements, and the number of plates has been reduced from five to two.
Although the tubes do not have to be swept on the inside, they

have to be scaled instead, seeing that the inside surface is exposed

Fig. ioa.—The vertical water tube boiler on the Clayton under-type waggon.

to the water, but this and all other necessary scaling is surprisingly

easily done, merely by undoing the joints at the top and bottom of

the fire-box, and lowering the inner shell. With this arrangement
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one can see what one is doing as well as if the part to be cleaned

were out on the bench.
On the other hand, this is more liable to prime than the loco-

motive type, and the large bolted joints which offer such advantages
require some care in the remaking. Also, like the vertical fire-tube

boiler, it is rather liable to get clogged with deposit round the fire-

box, unless kept well washed out, and thus overheating and leakage
may be caused. This, however, is a trouble which should not happen.

The latest development in the vertical water tube boiler is

seen oh the Clayton under-type waggon. This is best explained by the
sectional and other illustrations in fig. ioa, from which it is easy
to understand that as the boiler warms up and expands under the
heat, the slight elasticity of the corrugated fire-box and curved tubes
allows for this expansion without straining the structure.

The Small Volume Coke^fired Boiler.

Hitherto we have confined our attention to engines deriving

their steam supply from large capacity boilers at moderate tem-
peratures, but no book dealing with steam road transport would
be complete without mention of the type that has been elaborated
by Mr. T. Clarkson as the result of many years' experience and
experiment

; indeed, steam road transport owes much to Mr. Clark-

son's originality and dogged pertinacity.

The concrete result of Mr. Clarkson's work is at the present
day seen in the National coke-fired vehicle, which offers a very
interesting economic as well as mechanical proposition. In common
with all steam vehicles, it affords a means of using a home-produced
fuel, and events have illustrated the importance of this point in a
way which renders further emphasis unnecessary. But, apart
from this, the National vehicles consume exclusively a fuel that,

before the war at any rate, was tending to become a drug on the
market. Gas coke was being used less and less for certain industries :

for instance, cement manufacturers who used to take 500,000 tons
of coke from London alone were discontinuing its use in favour of a
new rotary calcining furnace employing coal dust. Again, penny-
in-the-slot meters have materially reduced the consumption of coke
among the poor, who are now able to use gas where they formerly
used coke. It used to be no uncommon sight in the poorer parts
of towns to see people carrying home 14 or 28 lb. bags of coke for

domestic use
;
now these bags are not so often seen.

Also, changing methods of gas production have affected the
question, as the use of oil for gas enrichment increases the supply
of available coke.

Foundry and Gas Coke.
Moreover, gas coke is not the only supply available, for even

foundry coke can be economically used, especially in passenger
work, for, if the price of the latter is higher, so is its value in pro-

portion, as foundry coke will give out a consideraDly greater sum
total of heat than will gas coke, weight for weight. Then, while gas

c
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coke leaves about 20% ash, foundry coke only averages about

10% ; it also contains less sulphur. Nor is the difference in cost

between the two always so great as is generally imagined. For foundry

work the coke has to be good-sized stuff, but in the production

of any sort of coke there must always be a certain amount of smalls,
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and this small stuff in the case of foundry coke, though high quality

fuel, is not always expensive as might be supposed.

The National Boiler.

The outstanding feature then of the National vehicles lying

in the use of coke, it is the boiler that affords the practical solution

of the main question.

The coke-using boiler is shown in front section, as it lies across

the chassis, and in side view, by fig. n, the boiler itself being
supported on the frame (shown in section at A) by a belt B
round the waist of the generator. The boiler itself consists,practically

of the annular drum C containing the water and steam and well

protected from radiating heat losses by the lagging at D. Pro-
jecting inwards tapering Field tubes, or thimbles E, on the inside

surface of the drum, overhang the fire-bars F, which can be rocked
by the rocking shaft G to keep them free of obstruction. The
deep fire-box will be noted as giving large heating surface and pro-
viding ample fuel capacity for the journey. The coke is charged
through the door H at the top, and the products of combustion,
after reaching the top of the flue, are led downwards on either side

along two side flues I (the flow of the gases is indicated by the direc-

tion of the arrows) by the action of two steam ejectors, one of which

Fig. 12.—Explaining the circulation in the
u thimbles ” of the National boiler.

appears in section at J in the right-hand drawing. Around the
fuel shoot is the superheater coil K, while the section drawing also

clearly indicates the anti-priming tube L supported by three brackets
within the boiler at its highest point.

The former design of coke-fired boiler was an exact inversion

of this arrangement. The steam and water drum was a cylindrical

chamber in the middle of the boiler construction, placed centrally

over the fire, and with Field tubes radiating from its outer circum-
ference (which earned for it the nickname of the “ Hedgehog ” boiler).

Thus, instead of the water and steam drum surrounding the fire,

the fire surrounded the water and steam drum.

An Interesting Action.

Though the thimbles are horizontal, water when heated in them
follows regular convection currents, as in a -vertical test tube. The
way in which these currents run is indicated by the direction of the
arrows to be seen in fig. T2, but as soon as steam comes to be generated
a very interesting action is developed. The steam rises to the top



36 STEAM ROAD VEHICLES.
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of the tube, and generation continues until the water level in the tube

is reduced to slightly below the centre. Then the steam is suddenly
forced out of the tube, and the tube instantly re-filled with water. In

producing steam at atmospheric pressure this action occurs about
three times in a minute, but whatever the action at higher pressures

may be, it is certain that with so many tubes there is no irregular

steam production in practical working.

For scaling out the tubes,, a very simple tool, something like

a twist auger, is employed ;
it is little more than a piece of flat steel

twisted like a corkscrew.

Liquid Fuel.

Of late years the possibility of serious trouble in the coal industry

has become such an ever-increasing menace that the alternative

use of liquid fuels has come into prominence, and more than one
waggon has recently been fitted with an apparatus for this purpose.

The development is not new, but as used on steam waggons to-day
it differs widely from the equipment originally introduced on the

Fig. 14.—The Scarab burner in section. Explanation of the lettering of this and the
following illustration will be found in the text.

Great Eastern Railway some thirty years ago. Of modern liquid

fuel systems, the one that has been the most generally applied
to road vehicles is that known as the Scarab.

This system, which is comparatively simple, and involves no
radical alterations to the vehicle, is shown in fig. 13 as fitted to a
Foden waggon. Two burners are used, which are placed at the
forward end of the ashpan, the latter being lined with fire-brick, as

indicated in the drawing. Each burner can be independently con-
trolled, so that, when the machine is standing with steam up, a
single burner can be used. To the upper connection of these burners
the fuel falls by gravity from the tank when the oil control valve
is opened.

A section showing the general arrangement of the burner is

given in fig. 14 : as the oil comes from the mouth of the pipe B,
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it flows on to a sort of ribbed tray A, where it spreads into a broad
ribbon of even thickness that flows over the edge of the tray. Then
issuing from a very narrow slot, slightly wider than this edge, and
directly beneath it. a flat sheet of steam at high velocity quickly
breaks up the ribbon of oil into very minute particles which can
easily be ignited. The maximum working pressure of this atomising
steam spray may be as much as 15 lb., but it cari be reduced to as
low as 5 lb. for the slowest rate of combustion. Air enters around
the burner, the opening being so designed as to ensure sufficient

combustion of the fuel under varying conditions of draught.

This jet of atomised and burning fuel is directed on to the
brickwork at the back of the ashpan, whence it is deflected upwards
into the fire-box, and then towards the tube plate and along the
tubes. Thus the hot products of combustion have to make the
complete round of the fire-box before reaching the tube plate. This
arrangement in result should certainly be much less severe on the
fire-box plates than would be the case if the burner were led directly

into the fire-box, and this is a point worth noting, for previous
experience with liquid fuel points to the burning of the fire-box

plates, more especially of the tube plate, as one of the chief objections
to the use of liquid fuel. '

It will be clear, then, how the burner works with the boiler

in steam, but a distinctive feature of the Scarab system is the possi-

bility of starting on oil fuel when the boiler is cold. The starting

apparatus consists of a hand air-pump, an air receiver (also con-
taining water), and a coil of special heat-resisting material, which
can be inserted in the steam pipes to the burners. The action of

this part of the apparatus is as follows : One of the burners is blown
with air from the hand pump and lit. After from three to five

minutes of thus working the pump at about twenty strokes a minute,
the special coil already mentioned, which is placed in the path of the
flame, is sufficiently hot to convert into steam any water that comes
into contact with it. Water from the bottom of the receiver is

therefore allowed to enter, hand pumping ceases,, and the burner
thereafter continues to work on steam generated by the coil until

its pressure is raised sufficiently to enable the burner to be blown
with boiler steam. Then the coil is removed. This point is reached
as soon as the boiler pressure reaches some 10 or 15 lb. per square
inch of pressure.

While on this subject it will be as well to give some indication

of the results of oil fuel in working. The Foden waggon here illus-

trated was employed in taking net loads of about 5 to 8 tons

in the London district, but as the service was of a somewhat irregular

nature, it was not possible to get an absolutely accurately determined
figure of fuel consumption per ton mile.

So far, however, for all practical purposes, the waggon shows
a consumption of about half a gallon to the mile, which, assuming
coal consumption at 13 lb. a mile (very moderate for the loads

involved), would be equivalent to 3 tons of coal if that fuel were
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used. This would give mileages of about 520 to the ton of oil,

1 71 per ton of coal—a big advantage to the liquid fuel.

On the one hand the price of oil may be a very uncertain

quantity. Four months ago it stood at ^13 a ton delivered in

London
;

at present the price is about £8 . At the latter figure it

may almost compete financially with coal, but at £12 certainly not.

Yet, on the other hand, it is claimed that certain inherent

advantages more than make up for any extra cost. There is the
possibility of rapid steam raising within thirty minutes of the burners
being lighted, of greater fuel carrying capacity and consequently
greater radius of action. Then, too, the fire is under the immediate
control of the driver, and can be adjusted practically instantaneously

Fig. 15.—External view of the Scarab liquid fuel burner.

to suit requirements. No man-handling of coal or ashes is required,

with a consequent absence of dust ; no clinkering or possibility of

burnt fire-box ; no need for cleaning tubes or smoke-box. The
waggon can stand with steam up without blowing off for any length
of time, and when at work can maintain a constant steady pressure.

With the possibility of thus maintaining a constant temperature,
too, the need for opening any fire-door, admitting into the fire-box

a large excess of cold air, is avoided. Further, with oil fuel no soot
is deposited. The heating surfaces remain perfectly clean, and
so efficient for conducting heat. Consequently, the efficiency of the
fire is as great at the end as at the beginning of the run.

It is these factors which are given as the explanation of the

15% to 20% saving that is claimed for this system of liquid fuel

firing as compared with coal ; and when to these is added the inde-
pendence that is offered by an alternative fuel, it must be admitted
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that in many instances a strong case can be made out for the use of

liquid fuel, despite the contention that, as compared with use in an
internal combustion engine, its employment in a boiler is thermally
inefficient.

Colloidal Fuels.

During the war the urgent need for conserving fuels .led to the
mixture of solids and liquids. Thus the lowest grade of oils and
coal dust or slack could be utilised. In practice these fuels are

generally made up of from 25% to 40% of coal held in suspension
in the oil, the proportion of solid varying according to the purposes
for which the fuel is required : for steam engines it can be made
comparatively thick, and in some cases approaches a solid paste or

jelly form.

As yet, however, these fuels have not been employed in road
transport

;
in the absence of experimental data they as yet con-

stitute but nothing more than a possibility.



CHAPTER III.

HOW STEAM OPERATES IN THE CYLINDER.

Relative Volumes of Water and Steam.

I

F sufficient heat be applied to a given quantity of water in a
vessel open to the air, the water will be converted into steam,
but the^steam, being far less dense than the water, will naturally

occupy a much greater volume. As a matter of fact, it will fill a
space of 1,642 times the space filled by the water. If, therefore, we
have a boiler 1,642 time& as large as the space occupied by the water
in it, and convert the water into steam, we shall fill the boiler with
steam. If we may further assume that the steam just manages to

expel all the air from the boiler without escaping at all itself, the
steam will be of just the same pressure as the atmosphere of the air.

For it must be realised that the ordinary atmosphere exerts a con-

siderable pressure, because air, being matter, must have weight

;

and since the atmosphere extends (in an ever lessening density, it

is true) to a height of some fifty miles above the earth's surface,

the weight of this superincumbent amount of air must necessarily

exercise pressure. If, therefore, we take a square inch at the earth's

surface, this area has upon it a column of air, in ever decreasing
density, fifty miles high

;
this column, of course, weighs something,

and this weight, of course, exerts pressure on the earth’s surface.

As a matter oij^ct, this pressure is 14.7 lb. on every square inch at
the sea level, and this pressure is exerted on every square inch of a
man’s body, the only reason that he is able to stand it being that
the atmosphere, as well as being outside, permeates inside his body,
and thus, with the pressure exerted from inside as well as outride,

the pressure is equalised. The only place on the earth in which no
pressure would exist would be in a chamber absolutely empty of air

and everything else—in vacuo ; in fact, in such a place we should
get what is known as absolute,- or zero, pressure.

Atmospheric and Absolute Pressures.
The pressure of zero in the atmosphere (or at atmospheric pres-

sure, as it is put) is really, therefore, 14.7 lb. absolute pressure. In
steam engine work we take our pressures at atmospheric pressure,

and a boiler pressed to, say, 1501b. to the square inch, means a
pressure of 1501b. above the atmosphere, but 164.71b. absolute
pressure. It is very necessary to understand this difference between
absolute and atmospheric pressure, if we are to understand fully

the theory of the expansion of steam.

Volumes and Pressures.
We may now return to our boiler full of steam at atmospheric

pressure. Let us imagine that by some means or other we can
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reduce the size of the boiler to half. The steam would thefi have
to be crowded into half the space, but there is no difficulty about
this, as gases, unlike liquids, are elastic and compressible. Obviously,
however, the steam being forced to occupy half the space, will be at
twice the pressure. To start with it was at atmospheric pressure

(14.7 lb. absolute)
;

if, therefore, it is pressed into half the space, this

pressure will be doubled (29.4 lb. absolute, or 14.7 lb. to the square
inch above atmospheric pressure). If still further we can reduce our
boiler to a quarter of its original size, the original volume of steam,
being reduced to one quarter of its original volume, would have its

pressure increased four times; it will therefore be at 58.91b. per
square inch absolute pressure, or 44.1 lb. above the atmosphere.

Now this is what actually happens in a boiler, only, instead
of reducing the size of the boiler, we increase our^supply of water,
and consequently of steam ; we put into the boiler far more water
than will supply steam to fill it merely at atmospheric pressure.

Temperature and Pressure.

But while, as we all know, water boiling in the open air will

give off steam at 212 0 F. ;
when it has to give off steam under pressure,

considerably more heat has to be applied before it will do so, the
degree of heat varying with the pressure. At 1 50 lb. above atmos-
phere the temperature required is approximately 366° F.

;
for

160 lb., 371
0 F.

;
for 1701b., 375

0 F. ; for 180 lb., 380° F.
; for

190 lb., 386° F.
;

for 200 lb., 394
0 F. ; and for 210 lb., 401° F. The

temperature is dependent upon the pressure, and the pressure upon
the temperature ; so, if the temperature falls, a certain amount of

steam reverts to its original state—becomes water—and thus the
pressure is reduced until it falls to that corresponding 1 with the
reduced temperature. If the pressure drops, the temperature
correspondingly falls.

Now this formation of steam into water—in other words,
condensation—is an important matter. If the steam

.
comes into

contact with surfaces colder than itself, condensation takes place,

with the result that the pressure falls, and thus a certain amount
of heat has been imparted in vain, and is lost. To obtain full economy,
therefore, it is very necessary to stop this condensation loss as far

as possible.

Superheating.

But the interdependence of temperature and pressure, already

explained, only applies to what is known as saturated steam, which
is the ordinary steam one finds in a boiler where it is in contact

with the water. Yet, while it is impossible to lower the tempera-
ture of steam without lowering its pressure, the temperature can
be raised without increasing its pressure, for obviously, if every
drop of water in the steam has been evaporated by thfe heat, no further

amount of heat can evaporate more, and so raise the pressure
;

vou cannot raise additional pressure, if the source of additional

pressure does not exist, though there is nothing to prevent your
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raising the temperature. Now this capacity for steam to be heated

above what we may call the normal is very useful, for if it be heated
sufficiently above normal, it gives the steam a margin of heat, so

that, even if it does come in contact with colder surfaces, it can

draw on this extra heat, and will not start to condense until the

extra heat has been atl used up and the temperature of the steam
begins to fall below the point at which saturated steam of its pressure

should exist.

This raising of the temperature of the steam above its normal
is known as superheating, so now we have the purpose of the'super-

heater explained. For the present, however, we will not go into

the question of the merits or otherwise of superheating, as it is

necessary first to obtain a broader knowledge of the principle of

the whole steam engine before we are in a position fully to appreciate

the more practical and subtle points.

'

»

To Prevent Condensation.

From the boiler, or superheater, if one be used, the steam
passes to the steam chest, and if the walls of the pipe, or passage,

along which it passes on its way to the engine, are colder than the

steam itself, a certain amount of

condensation takes place, if satu-

rated steam is used, with a corre-

sponding drop in pressure. And in

the steam chest, too, there is the

same possible tendency towards
condensation, while again in the

cylinders, which are constantly

open to exhaust, a good deal of

condensation may take place,

unless steps are taken to meet the

trouble. In the cylinders it is par-

ticularly desirable to prevent the
formation of water, not only on
account of loss of efficiency and power by a fall in steam pressure, but
because of the possible damage that may be caused to the cylinders

by an incompressible liquid like water getting between the piston and
cylinder walls ; many a steam engine cylinder has been broken
from this cause. It is for this reason that the cylinders, and as far

as possible the steam chests *and steam passages from the boiler,

are often jacketed just like the cylinders of a petrol engine, only
instead of water the cylinder jackets contain steam direct from
the boiler, and the pipes are jacketed with asbestos or some other
non-conductor of heat. Of course, in the cylinder jackets the steam
more or less condenses in contact with the outer walls of the jacket,

but, since it is not the steam with which we are actually working
at the time, any condensation, and consequent drop in pressure,

is not a matter of much moment, as the extra heat required to
make up for this condensation is inappreciable. On the other
hand, the steam in the jackets prevents the actual working steam

Figs, i and 2.—To illustrate the fact that
an eccentric is only a crank pin of a
diameter so exaggerated that it em-
braces the crankshaft.
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from condensing and falling in pressure. Steam waggons and
tractors of the overhead type—carrying the engine on top of a loco-
type boiler—clearly lend themselves particularly well to this jacketing.

An Old Suggestion for a Modern Invention Recalled.
Incidentally, other jacketing media could be used so long as

they prevented the conduction of heat away from the steam inside

Fig. 3.—Valve in mid-stroke. In this and the following drawings the one end of the
cylinder is marked B (back), the other F (front). In this drawing-A are the steam
ports, B the exhaust, and C the valve.

the cylinder, and it is interesting to recall a suggestion made in a
leading engineering journal some twenty, or twenty-five, years ago,

to the effect that steam cylinders might be vacuum jacketed, since

no heat could pass across the vacuum jacket, there being nothing
in the jacket 'by which it could be conducted. This principle of a
non-conducting vacuum has since been very successfully employed
in the Thermos flasks and their imitations.

The Use of Superheated Steam and its Influence on Valve
Design.

Before going any further we may well point out that the use
of superheated steam has led to some variation in types of valve,

Fig. 4.—Sectional drawing showing the position of the valve and eccentric when the piston

is at the beginning of its stroke from back to front.

and even of engine
;

but of this more shortly. Fpr the present,

however, we will consider the ordinary D and piston valves
;
the

principle as far as we can go at this juncture is the same for both types.
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The Principle of the Eccentric.

Of Course, in dealing with slide valve steam engines, we may
nowadays assume the ordinary eccentric link motion, very generally
called the Stephenson link motion (although there is reason to believe

that it was the invention of Howe, a pupil of Stephenson) : most
steam tractors or waggons on the road are fitted with this motion.

But before going into the intricacies of the link motion, let us
follow the working of an engine, the valve of which is operated by
a single eccentric in one direction only. In the first place we must
appreciate the action of this eccen-

tric, which is nothing more than
a crank, the pin of which is so en-

larged as to embrace the shaft upon
which it is formed ;

figs, i and 2

will make this point more clear. In
fig. 1 we see an ordinary shaft with
a crank and crank pin, and in fig. 2

we see a shaft with this crank pin,

though with its centre at the same
distance from the shaft centre, so in-

creased in diameter that it embraces
the whole shaft, and the need for

any crank cheeks, or throws, is

consequently obviated.

The Action of the Slide Valve.

In the following figures, for

convenience of description, we will

regard the end marked B as the
back end of the cylinder, and F as

the front end.
Fig. 3 shows a slide valve

exactly in the mid-position of its

stroke, and we see that each end of the valve overlaps the steam
passages, or ports as they are called, this overlap being designated
as the “ lap ” of the valve.

Fig. 4 shows in section an engine with its valve actuated by
a single eccentric (for running in one direction only), and with its

piston at the beginning of the stroke. In this drawing we notice

that at the back end the valve is opening the port just the faintest

bit to steam. This means that the back fend of the cylinder began
to receive steam while the piston was still moving from front to

back, before ever it started in the direction in which this steam will

be used as the driving force. The steam is let in thus early to the
back end of the cylinder to cushion the piston and ease the reversal

of its direction of motion, and the amount by which the steam port
is at the end of the stroke open to the admission of steam for this

purpose is called the “ lead.”

On examining fig. 4, then, it is clear that the valve must have
been moved out of its central' position forward by an amount equal

Fig. 5.—Diagram explaining how the

position of the eccentric on the crank-
shaft' relatively to the crank is

obtained by placing its centre ahead of

the crankshaft centre by the amount
of the lap and lead, the distance be-

tween the lines A and B equalling

tne lap, while that between B and C
equals the lead. Tfie centre of the
eccentric should comeat the point
where its centre, if moved round the
crankshaft along the line D E, would
cut the line C ;

F is the eccentric centre.
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to the lap+ the lead of the valve, and that, therefore, the eccentric

must be in such a position that, when the piston is at the end of it£

stroke, the centre of the eccentric shall have travelled beyond its

mid-position a distance lineally equal to the lap-]- the lead of the
valve. This is best explained graphically by fig. 5. Therefore,

when eccentrics are set, they are set to give exactly this position

of valve when the piston is at the end of its stroke.

Reverting now to fig. 4, what happens during the stroke that
ensues is this. As the steam enters at the back end of the cylinder
and pushes the piston outwards, the piston, through the medium
cf its rod and the connecting rod, rotates the crank (in this case we
have shown it being rotated in a clockwise direction), and the eccentric,

being secured to the shaft, rotates with it. Until the shaft rotates far

Fig. 7.—The position of piston, crank, and eccentric by the time the valve cuts oft the steam
supply from the boiler to the working end of the cylinder.

enough to bring the centre of the eccentric to its forward dead
centre point, the movement of the valve is obviously in a forward
direction. Obviously, too, this marks the furthest forward point of

the valve travel, and by the time the eccentric centre has reached this

point the crank pin will have rotated far enough round to bring

the piston to the position shown in fig. 6. For the present, from
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now onward, during the stroke, the movement of the valve is in a
backward direction, until by the time the centre of the eccentric

in its revolution reaches the position shown in fig. 7 ,
the supply of

steam has been entirely cut off by th6 valve. By that time the piston
will be somewhere about the position shown in the figure.

Now hitherto the piston has all the time been moved forwards

by the pressure of steam direct from the boiler ; at this point, how-
ever, the direct boiler pressure is cut off, but the steam in the cylinder

is at almost the same pressure, and by its expansive force still con-

tinues to force the piston forward until the latter has very nearly

Fig. 9.—By the end of the stroke, the end of the cylinder, in which the steam has been doing
the work, is open to exhaust, and the other, or front, end is just open to steam by the
amount of lead.

reached the end of its stroke. This expansive working of steam
is a most important matter, of which more hereafter.

During all the previous movement the front port has been
fully open to exhaust. The next step is the closing of the front]
end of the cylinder7 shutting it off from exhaust. This happens
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when the piston is about in the position seen in fig. 8. At this

point it will be noticed that the back end of' the cylinder—the one
which we have been considering as being under steam—is just

opening to exhaust. The steam, however, cannot escape all at once,

and so its pressure, though rapidly diminishing by exhaust, con-

tinues to move the piston forward, in combination with the inertia

of the moving parts (that is, their tendency to continue in motion)
and possibly of the vehicle. Consequently, the crankshaft continues

to revolve until it reaches the forward dead centre, by which time
the valve has not only fully opened the back end to the cylinder and
exhausted it, but has already ppened the forward end of the cylinder

to steam just sufficiently to allow the entry of enough steam to

cushion the piston at the end of its stroke before it reverses its

movement in the opposite direction (fig. 9). Then, on the stroke

from the forward to the back end of the cylinder, exactly the same
process is observed.



CHAPTER IV.

THE PRINCIPLE OF THE EXPANSION OF STEAM.

The Expansive Working of Steam.

I

HAVE already referred to the action of steam in the cylinder,

after the supply from the boiler had been cut off, continuing

to push the piston along by its own expansive force, and
stress has already been laid upon the importance of this

expansive working of steam. I cannot, however, lay too much
stress upon it, for it is this expansive principle of working which
renders the steam engine of the present day a commercial and
practical success. Without it the consumption of steam, and
consequently of fuel, would certainly be prohibitive in most cases.

It is very necessary, therefore, that everyone having to do with
steam engines should understand the prijiciple of the expansive
working of steam.

The Principle of Expansive Working.
In the cylinder exemplified in fig. 7 (Chapter III.) the supply of

steam from the boiler is only cut off when the piston has already
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Fig. 1.—To show graphically the amount of work and the relative amount of steam consumed
in a cylinder in which the steam is not used expansively. The upper figure represents
the amount of steam used, the lower the amount of work performed.

travelled about two-thirds of its stroke, and the steam is only working
expansively for about the last third of the stroke.

Let us suppose now that the cylinder is receiving full boiler

pressure during the complete stroke of the piston. If we draw out
the cylinder, as in fig. 1 ,

by the time the end of the stroke is complete,

D



5° STEAM ROAD VEHICLES.

the figure A B C D will give an idea of the amount of steam used.

Let us further suppose that the piston has an area of 40 sq. in. and
a stroke .of 9m. The volume of steam then used would be 40 x 9= 360
cubic inches. Now, since the term “ work ” means the exertion of a
given force through a given distance, if we take B C as representing

the distance travelled by the piston—in other words, the distance

through which the force is exercised on it—and A B as representing

the total pressure on the piston (lower figure), the total area A B C D
will graphically represent the total amount of work done for the

volume of the 360 cubic inches of steam already accounted for.

Keeping to the same dimensions, let us further assume a boiler

pressure of 200 lb. to the sq. in. The total area of the piston being

40 sq. in., boiler pressure 200 lb., we have a total force of 8,000 lb.

Fig. 2.—A diagram on similar principles to those in the previous figure, to illustrate the
economy of expansive steam working. The lower figureABEGHFD shows graphically
the amount of work got out for the amount of steam represented in the upper figure by
A B C D. In both cases everything is shown exactly proportionately to the diagrams
in fig. 1.

acting on the piston, and this force continues to act through a dis-

tance of 9in. or fft. The result is that the area A B C D represents

a total work of 72,000 ft.-in., or 6,000 ft. -lb.

Next, let us suppose for the sake of argument that we can cut
off the steam supply to the cylinder when the piston has accom-
plished one-quarter of its travel. The volume of steam will then
amount to .40 x 2^in. — 90 cub. in.

Now 2|-in. = -ft- ft., and, therefore, the piston in traversing

this first quarter of the stroke under a total pressure, as before, of

8,000 lb., will perform 8,000 x w = 1,500 ft. -lb. of work. After
this no moi e steam can be supplied from the boiler to cylinder,

but the steam already inside the cylinder, exercising pressure as it

does, will continue to push the piston outwards. As the piston moves
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outwards, however, the volume in the cylinder that has to be filled

by the steam is increased, until by the time the piston has travelled

through half its stroke, this volume will be doubled. By that time
(neglecting all losses) the steam pressure will have dropped to half

its original pressure—to ioo lb.—since the steam has had to fill

double the space it originally occupied when it was at full boiler

pressure. Still, ioo lb. to the square inch is no small pressure—quite

enough to keep on pushing the piston along—and the latter will

continue to be pushed along until the end of its stroke, by which
time the volume, that the steam in the cylinder has to fill, will have
again been doubled as compared with that which it had to occupy
at half stroke, with the result that the pressure at the half stroke

position will have again been halved by the time the end of the
stroke is reached. In other words, the pressure will have dropped
to only 50 lb. per square inch, or to a total pressure on the 40 inches

of piston area of 2,000 lb.

In fig. 2, then, the shaded area A B C D will represent graphically

the volume of steam used, and if we take (as before in fig. 1) the
height A B to represent its pressure at the beginning of the stroke,

at mid-stroke the pressure, being by then halved, will be represented
by the height E F, and at the end of the stroke by the height G H,
while the total amount of work done will be graphically indicated
by the area ABEGHFD.

If we compare this fig. 2 with fig. 1, then, it is very clear that
volume for volume of steam we have got very much more work
proportionately out of the steam in fig. 2 than in fig. 1. In fig. 1

we have used 360 cub. in. of steam, from which we have obtained
6,000 ft.-lb. of work, or 16.6 ft.-lb. per cub. in. of steam at boiler

pressure
;

in the second case we have used only 90 cub. in. of steam,
from which we have obtained approximately 3,582 ft.-lb. of work,
or 39.8 ft.-lb. of work to each cubic inch of steam supplied to the
cylinder at boiler pressure. This can be proved if we take the trouble
to work out the average pressure of the cylinder throughout the
stroke in fig. 2, which amounts to 119.4 lb. per sq. in. Thus, while
with 360 cub. in. of steam we have been able to maintain a pressure
of 200 lb. per sq. in. in the cylinder throughout the piston stroke,

by using the steam expansively we have been able to obtain a mean
average cylinder pressure of 119.41b. per sq. in. with only 90 cub.
in. of steam. With figures such as these it requires no great insight

to appreciate which of the two methods of using the steam offers

the better business proposition.

This is the explanation of how the expansive working of steam
produces economy.

The Limitations of Expansion in a Single Cylinder.

From the foregoing explanation it is clear that the more the
steam is expanded within practical limitations the more economically
it can be used. There are very obvious objections, however, to
expanding steam in a single cylinder beyond a certain point. Clearly,
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the greater the difference in pressure between the beginning and
end of the stroke, the less the tendency to even running

;
and

indeed in some engines, if the steam is cut off too early in the stroke,

the sudden and brief early entry of the steam is apt to amount to

little more than a sort of hammer blow on the piston, which, in turn,

is apt to set up a knock on the connecting rod big end, and will

cause overheating of the big end bearings on larger engines.

To expand steam beyond the limits practicable in a single

cylinder, it can be utilised, after it has done its work in that cylinder,

in a larger cylinder but at lower pressure.

Assuming that the steam has already done its work in one
cylinder, and assuming that in the other cylinder it is being cut

off at the same point of piston stroke, we should then get the com-
bined result shown in fig. 3 by the areas A B E G H F D and
I J K M N, supposing that the low pressure cylinder was the same size

as the high pressure. If that were the case, however, it would be
very clear that the total force acting on the low pressure side (and

consequently the work done by that side of the engine) would be
very much less than the force acting on the high pressure side.

Further, if the second cylinder was the same size, nothing would
be gained ; it would be simpler and better merely to make the one
cylinder longer.

TOTAL PRESSURE ON Pis TON

Besides, we can get very much more work out of the low pressure

cylinder than that represented by the diagram I J K M N, for by
the end of the high pressure stroke we have for disposal a cylinder-

ful of steam at 50 lb. pressure to the square inch, and if this steam

were cut off at quarter stroke in a low pressure of the same size

(supposing such a thing possible), we should only be using a quarter

of it. Of course, we want to use all of it. Therefore, let us make
our imaginary low pressure piston four times the area of the high

pressure, with cylinder to match. We should then get a diagram

like the area O J K P Q, where the height O J represents the total

pressure on the low pressure piston, just as A B represents the total

pressure on the high pressure piston. The fact that it represents

the total pressure is emphasised, because in the ordinary indicator

diagram that the engineer uses the height represents pressure per

square inch ,
which would be indicated by a diagram like I J K MN.

The Principle of Compounding.

LENGTH OF STROKE 1

H.P.C.L.

LENGTH OF STROKF

LP.CYL

Fig. 3.—Diagrams explaining compound working.
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Receiver Pressure.

I have met people who imagine that one of the reaspns for the low
pressure cylinder being larger than the high pressure is something
to do with the high pressure exhaust—that if the steam in the
high pressure cylinder did not have a sufficiently large low pressure

cylinder, into which it might exhaust, it would be choked and
unable to get away, or at any rate back pressure would be set up.

Needless to say, this very crude idea is hardly correct : as a matter
of fact, the space in the low pressure just when opening to lead is

comparatively small, and in actual fact between high and low pressure

cylinder a receiver is interposed. This receiver is usually con-
stituted by the pipe between the two cylinders, which is designed
of such a size as to afford a good, steady supply of steam upon which
the low pressure cylinder can draw.

It must not be thought either that the high pressure cylinder

exhaust opens into a space at very much lower pressure than is

inside the cylinder, as is the case with an ordinary high pressure

engine exhausting into the air. It is very necessary to realise

that the end of the high pressure cylinder which is open to exhaust,
is full of steam at the pressure that is in the receiver ; in fact, being
open to the receiver, the non-working end of the cylinder is full of

Fig. ”4.—Compound diagram explaining how the receiver pressure represented by the shaded
area F B C D must be regarded as negative working. This diagram only shows the steam
pressure in the cylinders, not the total force acting on the piston. If the total pressure
were represented, the height of the low pressure diagram on the right would be about
four times greater than is shown.

this steam, and the steam at the working end of the high pressure
cylinder has to push against its pressure. This receiver pressure,
then, acting in the exhaust end of the high pressure cylinder, is

practically opposing the useful working of the steam in the business
end of the cylinder. It is, in fact, doing negative work, and in our
diagram we should have to take account of this.

Going, therefore, on the lines of previous figures, suppose we
have a boiler pressure of 200 lb. to the square inch, that the steam
from the high pressure cylinder exhausts at a pressure of 50 lb.,

also that this pressure of 50 lb. is maintained constant in the receiver.
During the whole of the working stroke then, the working steam
in the cylinder, the work of which is represented by the area A B C D E
in fig. 4, will be opposed by a steady 50 lb. per sq. in. pressure, which
would be represented by the shaded portion F B C D, so that the
really useful work is only represented by the area A F D R. If,

therefore, we follow the usual engineering practice of using the

LENGTH OF STROKE

HJ».CYL

LENCTHOF STROKE

LFAYl.
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vertical height to indicate the variation of pressure per square inch
in the cylinders, for a compound engine we theoretically get a dia-

gram on the lines given by the areas A F D E and G H I J K of

fig. 4. It must be borne in mind, however, that these areas only
represent pressure per sq. in., and that, as the area of the low pressure
piston is four times that of the high (represented by A F D E), to
show comparatively the total pressures on the two pistons, the height
of the low pressure figure would have to be increased four times.

Compounding merely means Further Expansion.

There is a popular delusion that compounding of engines means
that double the work is got out of the steam by first using it in

the high pressure cylinder, and then over again in the low pressure.

This is a total fallacy. It is true that the steam is used twice over,

but in the low pressure cylinder it is used at a lower pressure, and
consequently this use of it in the low pressure cylinder is only a
further expansion of it. If the stroke of the high pressure cylinder

were doubled, trebled, or quadrupled, and the steam only used
in that one cylinder, the principle would be practically the same :

it is only expanding the steam in two stages instead of in a single

long stage. It is just the same with a person having a teapot that
will only hold one cup. It does not matter whether he pours out
and takes his tea in two half cups or a single whole cup : the result

in the end is the same ;
he gets no more tea out of his teapot, but

his drink may last him longer.

Quick Opening and Cut Off.

Hitherto we have used these diagrams to explain the principle

of expansion, but diagrams from the actual engine are taken to

lemcth OF Stroke

Fig. 5.—An actual indicator diagram to give an idea how the changes in the cylinder working
make their effect gradually felt as shown by the rounded curves.

show the power in the cylinders, and in doing so they may show where
power is being lost.

Fig. 5 is a typical example of an indicator diagram taken
from a steam engine, and in this it will be seen that at the

s
corners,

where the stroke begins or ends, or at the points where the steam
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is cut off, or the exhaust opened, there are no sharp changes—the
corners are rounded, showing the gradual transition in affairs.

Now it is clear that the more you round your corners in a diagram
the more you cut off from the area which represents work, and it is

therefore clear that the more quickly you get this transition over the
better. In other words, the more quickly the valve acts in opening
to steam, in cutting it off, or opening the exhaust, the better dia-

gram you will obtain, which means the more power you will be able
to develop.

This explanation will probably be sufficient to enable the reader
to appreciate the importance of a quick opening to steam, or a quick
cut off, which is very essential in valve gear. It is with this quick
action in view that many of the more modern valve gears have been
designed, and undoubtedly many of them give quicker opening
and cutting off than does the old link motion. Some, however,
unfortunately introduce so many pins and joints, and their action
is so affected by the least wear on these joints that the undoubted
advantages of their design are neutralised by their disadvantages
in practical working. The writer has experience of one or two
which give excellent results for the first month or so, but as soon
as the least little wear makes itself evident one cannot rely on getting
with any certainty the same cut off twice running.



CHAPTER V.

VALVE MOTIONS AND THEIR WORKING EXPLAINED.
f

Cam Valve Motion.

THE explanation of the principle of expansive working of the
steam also explains that to work steam expansively in the
cylinder the steam supply from the boiler has to be cut
off before the piston has reached the end of its stroke, and

the more expansively the steam has to be worked, the earlier it will
have to be cut off during the piston stroke.

We have seen that, though working with the full boiler supply
open to the cylinder for the whole length of the stroke is not economical,
a greater power can thus be obtained than with an earlier cut-off.

Leaving economy’' entirely out of the
question, in the imaginary cases we
instanced in figs, i and 2, Chapter IV.,

6,000 ft. -lb. of work was obtainable in

a cylinder in which the steam was not
cut off until the end of its stroke

;
only

3,582 ft. -lb. when the steam was cut off

when the piston had travelled a quarter
of its stroke. Now the extra power thus
obtainable with a big cut-off is of use
for starting, for emergency requirements
for short spells, or indeed at any time
when any extra effort is required; we
do not want to rob ourselves of the
possible power of a late cut-off, but
rather we want in addition the possi-

bility of an earlier cut-off. We need,

therefore, to arrange that the cut-off can
be varied from very early to very late.

The simplest way of effecting this is seen in those engines which
have lifting as distinct from slide valves, like the Atkinson, Leyland,
or Sentinel machines. Though the first-named is fitted with ball

valves, the principle is the same as that of the poppet, or mushroom,
valve, which is too familiar in the petrol engine to need description.

In either case, to open, the valve is lifted by a tappet, or rocking lever,

that itself is forcibly raised by the projecting profile of a cam on
a shaft, as the latter is rotated by the engine.

The distance for which the projecting part extends around the
cam circumference determines the duration oh the valve lift. There-
fore, if the cam is made capable of being slid along its shaft under
the tappet roller, and the projecting part of the profile be tapered or

narrowed along its length, as the end to which the cam projection

narrows is brought under the tappet roller, the lift duration of the

Fig. 1.—To explain how the valve
open period can be varied by a
narrowing cam lift. In this
diagram the cam is supposed
to run in a clockwise direction.
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latter, and, consequently, of the valve, will be shortened. But only
the point of valve closing must be varied : for all practical purposes
the valve must always open just before the beginning of the piston

stroke. Therefore the rise of the cam (A, fig. i), which first comes
into contact with the tappet, must lift the latter neither sooner nor
later, however much it is slid. It is the fall (C) of the cam that
must vary. Suppose a camshaft runs in the clockwise direction,

as in fig. i, the rise first lifts the valve, which will not close again
until the shaft has made three-eighths of a revolution and the fall

has passed the tappet. The lines A and C mark the exact beginning
and end of the cam lift. If, however, the cam at its far end is shaped
as in the shaded line to end at B, and that part of the cam length is

slid under the tappet roller, the valve will only be lifted for half

the former period : it will cut off steam when only three-sixteenths
of a revolution has been , made, though in both cases it will start

opening at the same point.

Fig. 2.—To give an idea of the movement of the slide valve, if it were worked by the back
eccentric, when the crankshaft is rotated in forward, or clockwise, direction.

The ordinary single eccentric motion, for running in one direc-

tion only, cuts off the boiler steam supply when the piston has
travelled through about three-quarters of its stroke.

The Link Valve Motion.
The method of varying the point of cut-off for an eccentric

valve motion can be explained as follows : In fig. 4 (Chapter III.)

the engine is running in a clockwise direction, and for running thus
it will be noticed that the eccentric is above the centre of the crank-
shaft in that figure. Thus, when the engine turns the crank forward,
the eccentric moves forward, and with it the valve is moved so as
further to open the back port to steam. If the eccentric had been
placed below the centre of the crankshaft in such a position as to open
the back port to steam by just the same amount at the beginning
of the stroke, as in fig. 2, any forward clockwise movement of the
crank would be moving the eccentric (and with it the valve) from
front to back

;
thus almost as soon as the steam had started to

move the piston, the supply from the steam chest would be cut
off, and there would then be an insufficient amount of steam to
push the piston to the end of its stroke. Obviously, if the engine
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were running in an anti-clockwise direction, the position of the

eccentric in fig. 2 would give a quite correct position to the valve

at the beginning of the* piston stroke from back to front, but for

running in a clockwise direction it is clear that it would cut off the

steam supply to the cylinder practically at the beginning of the piston

stroke.

If we regard the clockwise, rotation of the engine as forward
running and the anti-clockwise direction as reverse running, we
may call the eccentric in fig. 4 (Chapter III.) the forward eccentric ;

that in fig. 2 of this chapter the back, or reverse, eccentric.

Now it is clear that the former does not cut off the steam supply

to the cylinder until the piston has accomplished about two-thirds

Fig. 3.—Showing the ordinary link motion with the link set to bring the forward
eccentric into full action.

or three-quarters of its stroke : it is equally clear that, it the back-
ward eccentric could be in action with the engine in forward running,
it would cut off the steam practically at the beginning of the stroke.

That is the main point to be emphasised. If, then, we can combine
the movements of these two eccentrics to any required degree, we
can introduce to any required degree the earliness of cut off imported
by the reverse eccentric, and thus can vary the point along the stroke

at which we can cut off the steam.
This is exactly what the ordinary link motion (shown in figs.

3 to 8) does.

In fig. 3 it will be seen that it is the forward eccentric that is in

direct line with the valve spindle, and working the valve spindle.

The fact that the quadrant link is interposed between eccentric

rod and valve spindle in this case does not matter
;

it is merely
rocking on the pin by which the valve spindle is connected to it,
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and this rocking has no more effect than if a bush round the pin
were loose and free to rotate round it. It is equally clear that, if we
raise the link as in fig. 4. the.backward eccentric will be in full action
unmodified by the forward eccentric, and that, if we placed the link

so that both backward and forward eccentric rods are equally far

from directly actuating the valve spindle—with the link motion in

mid gear—the motion of the one eccentric will be neutralised by
that of the other.

To run in a forward direction, however, we must obviously
in the main depend on the forward eccentric.

What Happens in Mid-gear.

It is instructive to see what happens when the reverse has as

much effect as the forward eccentric, or, in other words, when the

link motion is in mid-gear.
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We will assume that the piston is at the back end of its stroke,

just beginning its forward stroke. The eccentrics would then be in

the position shown in fig. 5, so as to give the valve lead in whichever
direction the engine is running. This means that the centres of

both eccentrics are the same distance along the longitudinal axis

of the engine—a vertical line passing through the one will pass

through the other—and, if the link motion were shifted to drive

fully by either eccentric, the eccentric position would not be altered.

Now, supposing the crankshaft is turned round clockwise.

The reverse eccentric will be moving from front to back, and the

forward eccentric will move from back to front until it reaches

the point shown in fig. 6. But in doing so the movement of the

forward eccentric on its circle, it is clear, is largely in a vertical

direction, while the movement of the back eccentric is much more
in a horizontal direction. Consequently, as far as the horizontal

travel of the quadrant link and of the slide valve is concerned in

moving from the fig. 5 to the fig. 6 positions, the back eccentric will

have slightly more influence, and the result will be that the very
slight amount of opening to lead will possibly have been closed.

Of course, it depends on the amount of the lead, but it will take
so little to do this that the closing will probably have occurred
very soon after the beginning of the stroke.

After passing the position shown in fig. 6, the forward eccentric

also is moving from front to back, and its horizontal movement
(that it imparts to the quadrant link and the valve) will be greater
and greater the nearer it gets to the lower part of its circular path.
The movement of the back eccentric meanwhile, though still from,
back to front, is on its circular path coming more and more into

the vertical position
; therefore in the horizontal travel of the

valve its influence will be less and less felt. Both are moving from
front to back, and therefore the movement of the quadrant link

and valve from front to back will be more marked. By the time the
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back eccentric gets on the back dead centre, as in fig. 7, the valve
position will be as shown. Finally, by the time the piston has
completed its stroke, and the crank performed a complete half

revolution, the port at the front end will just be steam-open to lead.

Fig. 7.—The second step in the crankshaft rotation with the valve motion in mid-gear.

It will thus be seen that the travel of the valve with the link

motion in mid-gear never really goes beyond opening either end of

the cylinder to steam by just the amount of lead.

It can now be seen how we can vary the link motion so as to

obtain a cut off earlier or later during the stroke, as required, and
this can be effected, while the engine is running, by a lever on the

Fig. 8.—The final step during the piston stroke of an engine with the valve motion in

mid-gear.

foot plate. This is, of course, the reversing lever, and variation

of the cut off point so as to obtain an earlier cut off is known as

“ notching up.” The principle really lies in the ability to bring

either back or forward eccentric more or less into action by the
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interposing of the quadrant link, which can be moved so as to bring
the one or other eccentric rod more or less into alignment with the
valve spindle as required.

The link motion diagrams given herewith show that in normal
running, as in figs. 3 and 4, the eccentric rods are open, that is to
say, they do not cross each other, and this open rod arrangement
is one invariably adopted on road vehicles. With the open rod
link motion the lead increases from full to mid-gear, which, in my
opinion, is a distinct advantage, for, broadly speaking, it is when
the engine is linked up—that is to say with steam supply cut off

comparatively early in the stroke, and therefore with the motion
nearer to the mid-gear than to the full position—that the engine
speed is generally greatest, the piston requires more cushioning,
and this the greater lead gives. With a crossed arrangement of

eccentric rods, however, the exact reverse takes place—the lead
greatly decreases as the motion is linked up from full to mid-gear.

Other Link Motions.
In the Gooch motion a connecting rod is interposed between

the valve spindle and the link, and the latter does not move up and
down at all, but the end of the connecting rod, interposed between
link and valve spindle, slides up and down along the link. In
appearance this connecting rod may be compared to the ordinary
connecting rod of an engine, the end attached to the valve spindle

corresponding to the small end, the end sliding in the link to the big

end. Between the Gooch and the ordinary link motion, however,
there is this difference—that whereas in the former the link is struck
from a radius with the crankshaft as the centre, in the Gooch motion,
of course, the radius of the link is taken from the small end of the
interposed connecting rod as a centre, and therefore in it the curve
of the link lies in an exactly opposite direction to the link on the
ordinary motion

;
in other words, the convex side of the link faces

the crankshaft ;
in the ordinary link motion it is the concave side

of the link that is nearest to the crankshaft.

If we move both intermediate valve rod and link, the one
neutralises the other, and we get a link curving in neither direction

—a straight link—as in the Allen straight link motion. In 'this

the reversing rocker shaft has two arms, one on either side of its

centre, and thus while the one arm raises the valve rod, the other

depresses the link or vice versa.

The Loose, or Shifting, Eccentric.

It will probably occur to many that both forward and reverse

could be obtained from a single eccentric and rod, if only the* centre

of the eccentric could be shifted from the forward to the reverse

position, and intermediately to positions that would give the same
effect as does the notching up with the ordinary link motion. This

is effected by the old loose or shifting eccentric, the position of which
on the crankshaft can be altered in numerous different ways. This

type of valve motion has the advantage of simplicity.

1
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The way in which a single eccentric is made to do the duty of

two, by being moved when required from the forward to the reverse

position on the crankshaft, is explained by. figs. 9 and 10. If we
look at the end view we see the eccentric placed in mid-position
on the crankshaft, which is shown in section. Now it will be remem-
bered that, with the crankshaft at the beginning of the piston stroke,

the eccentrics in the ordinary link motion are in advance of the
crank axis by an amount equal to the lap and the lead. Fig. 5
(Chapter III.) may refresh readers' memories on this point, and
will serve to show that the centre of the forward, and the centre

of the reverse eccentric, are not absolutely diametrically opposite
each other : a straight line joining these passes to the side of the

* crankshaft centre. For the same reason it will be noticed that in

the drawing in figs. 9 and 10 the eccentric slides on the crankshaft
along a line below its centre, for in these drawings the crankshaft is

shown placed on its bottom dead centre : to compare it with fig. 5
(Chapter III.) the page should be viewed lengthways. At the
eccentric the crankshaft itself is flattened or squared, and the slotted

Figs. 9 and 10.—Side and end elevation drawings of the single shifting eccentric motion

used on some of the smaller Mann steam vehicles.

die in the eccentric can be slid across into either forward or back-

ward gear positions. This sliding is effected by the arm of a reversing

lever working in the groove A of a sliding die. Forged solid with the

crankshafts are lugs B, which constitute the fulcra upon which work
the bell crank lever C and the distance link pivot D, and as the arm of

the operating bell crank lever is connected to the central sliding

die piece at the pin E, movement of the die along the crankshaft

will correspondingly, through levers C and D, slide the eccentric at

right angles across the crankshaft. The distance link D acts as an
intermediate motion, jointed with the one arm of the bell crank
lever C, causing the eccentric to remain truly at right angles to the

crankshaft. In this explanation, for the sake of simplicity, the

writer has confined himself to the eccentric shown in sectional

elevation, which operates the right-hand cylinder, the eccentric

working the left cylinder being seen further along the shaft.

Engineers will appreciate the method of forming the lugs solid

with the crankshaft, which is obviously safer mechanically, and
reduces the number of loose parts requiring occasional renewal.
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The Clayton Valve Gear.
Another valve gear employing single shifting eccentrics for each

cylinder is that on the Clayton undertype waggon. It is in the
mechanism for shifting eccentrics that a leading reason is seen,
for the fact that these are not mounted on the crankshaft, but on
a separate layshaft driven through spur gearing at crankshaft speed
(see fig. ioa)

;
for the shaft is hollow, and sliding therein, under the

control of the driver, is what is called a camshaft. This camshaft,

Fig. ioa.—Shewing the general arrangement of the Clayton undertype engine,
with slide valves actuated by eccentrics driven by a separate layshaft.

(By kind permission of the Institution of Mechanical Engineers.)

however, instead of being profiled circumferentially, like the usual
cam, is formed with longitudinal grooves, constituting inclined

planes, in which are correspondingly shaped keys. The arrange-
ment is best explained by reference to the three detail drawings
in fig. iob. A is the layshaft, Bi and B2 the camshaft, side views
of the inclined slot being visible at Bi, while at B2 the shape of the
slots can be seen from above. The inclined plane keys are seen
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at Ci and C2. When the driver works the Qperating lever at D,
the camshaft is slid longitudinally within the layshaft, and thus
the position of the keys C in relation to the shaft is altered by
movement of the inclined plane against which they abut. With
their movement, the position of the eccentric sheaf which they
carry with them is also altered. The resultant sliding movement
of the eccentric sheaf is regulated by the block E, which is mounted
on the shaft. Thus, as seen in the three diagrams, the eccentrics can
be shifted from full forward to full reverse position.

Cl

Fig. iob.—These three diagrams exhibit sliding camshaft and shifting
eccentric mechanism on the Clayton under-type engine. (By kind
permission of the Institution of Mechanical Engineers.)

The Hackworth Radial Gear*
On some steam waggons, hotably the Yorkshire, a radial type

of valve motion on the Hackworth principle is fitted. The working
of this may best be explained by a description in conjunction with
the accompanying diagrams and drawing, which show the valve
motion as fitted on the engines of the Yorkshire vehicles.

A is the crankshaft, with its crank pin at B. Only a single

eccentric is used for each cylinder, and this, seen at C, is keyed

E
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to the crankshaft with its throw
exactly opposite to the crank
pin. The short eccentric rod
D works to and fro, practically

at right angles to the axis of

the engine and cylinders, with
its end swinging on a pin
attached to a slipper block E
that slides to and fro on guides
G. These guides are pivoted
so that they can be rocked into

positions Gi and G2 (figs. 13 and
14) by throwing over the revers-

ing lever which holds them
in position. Somewhere along
the short eccentric rod is a pin
joint J connecting the eccentric

rod at that point with the valve
spindle K by means of the rod L.

Now with the guides in

mid-position (fig. 12), the eccen-
tric rod at its one end is describ-

ing a circle, at its other end it

is moving in a straight line ;

therefore in its movement the
point J will describe an oval,

the major axis of which is the
length of the eccentric stroke,

while the minor axis is deter-

mined by the vertical swing of

the rod at that point at which
it is anchored to the valve
rod L. We thus have at J a
movement something like that
indicated by the dotted line,

which from the lower end of the
valve rod imparts a straight line

movement to the valve, the

distance of the movement being
equal to 1 to 2 (fig. 12). Now
if we rock the guides over into

the positions indicated by Gi or

G2 (figs. 13 and 14), we get this

pin joint J describing
.
ovals

approximately like those indi-

Fig. 11.—Sectional drawing showing the

vertical Yorkshire engine with radial

valve gear on the Hackworth prin-

ciple. The ellipses described by the pin

J in forward and reverse movement
ai

tp shown in the diagrams, figs. 12

to 14. Reference to the lettering will

be found in the text.
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cated, and it is clear that the longitudinal movement then imparted to

the valve is equal to the distance 3 to 4, and is much greater than in

. 12, with the guide in mid-position. The movement thus given
greatest amount

Figs. 12, 13, and 14.—Diagrams explaining the principle of the Hackworth valve motion.
The lettering corresponds with that of fig. IT. -
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of valve travel required when the maximum port opening to steam
is allowed, and when the cut off /is consequently at the latest
point allowed.

Having thus obtained the means for the requisite amount of
valve travel and for varying that travel, it only remains to ensure
that the mechanism shall so position the valve relatively to the piston
and cylinder ports as to give the required effects of steam and exhaust
openings and cut offs. Provided the length of the valve travel
is correct, and that the valve in its mid-position is just cutting off

each steam port equally from the exhaust (assuming that clearances
at each end of the cylinder are the same and neglecting obliquity
of connecting rods), it only remains to ensure that, when the piston
is at the end of its stroke, the valve has opened the steam port to
that end of the cylinder by the exact amount of lead which will

have been necessary to cushion the piston. To effect this the valve
must be the distance of its lap plus the lead from the centre point
of its travel away from that end of the cylinder.

Now in the Hackworth gear, when the piston is at the end
of its stroke, the crank is at its dead centre and the eccentric is exactly
opposite to the crank. Relatively to the guides, the eccentric is

thus practically midway of its throw, and the eccentric rod, is so

proportioned, and the guide so located, that when the eccentric

is in this position the slipper block E is exactly at the midmost point
of its travel along the guide. If the guide bars are inclined out of

mid-gear position, assuming that they pivot on the centre line 5-6,

the slipper block is in its mid-position when its centre falls exactly
on that line, and if the valve rod L were connected to the slipper

block centre, it too would then bring the slide valve into its mid-
travel position, neglecting obliquity of the rod L, which we can
afford to disregard. But th6 valve rod is not connected to the
slipper block, but to the. eccentric rod at a point somewhere between
the eccentric and the slipper. The axis of the eccentric rod, which
coincides with the centre line 5-6 at the centre of the slipper block
joint, diverges farther and farther away from that centre line the
nearer we come to the eccentric, and the point at which the valve
rod is connected to the eccentric rod is chosen so that the distance

between the centre of the joint J and the line 5-6, which marks the

centre travel of the valve, is equal to the lap plus the lead of the

valve. Thus at this point of the engine stroke the valve is brought
downwards just sufficiently to open the upper end of the cylinder

to steam by the amount of lead, and the rest follows.

Joy’s Gear.

On the older National cars Joy's motion is employed. This
is a radial type of valve motion, in many essentials resembling

the Hackworth radial motion already described. We may best

explain the Joy valve gear by the accompanying diagrams, which
show that the slide valve is worked through a system of links or

levers from off the connecting rod. By the pin joint B (fig. 15) the
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link C is moved by the connecting rod A, this link C at its other
end being connected by another pin-joint D to the anchor or radial

link E, which Swings from a fixed centre F, so as to give the joint

D as nearly as possible an up and down movement (as the valve
motion is shown in the drawing). By the pin-joint G along the
vibrating link C another link H is connected ; and as it very generally

has to be made double to clear the connecting rod, we will for further

description refer to it as the “ double ” link. This is pivoted at I

on a slipper block, that slides along guides J, and to the upper end
of the lever another pin-joint K connects the valve rod L.

Now the guides J are generally supported on bearings mid-way
along their length, and on these bearings they can be swung to
any angle required by the reversing lever, which also holds the
guides firmly in that position once it is reached.

Since then the movement of the small end of the connecting
rod is along a straight line, and that of the big end in a
circle, the movement, of the joint B will be something between

\
\

Fig. 15.—Diagram explanatory of the Joy valve motion. The path of the pin centre at B
is indicated by the dotted line 7

,
that of the joint centre at G by the chain dotted

line — • — • — -, while the movement of the valve rod at K is shown
by the fine dotted line Reference to the lettering will be found in the text.

these two
; as a matter of fact, it will be approximately an ellipse,

as indicated by the dotted line. The movement of the joint G
being compounded between this ellipse and the up and down arc

movement of the joint at D, we find that the lower end of the double
link H describes an irregular flattened oval. This is shown by the
chain dotted line. The up and down movement of this link H—the
distance from top to bottom of the dotted line oval—is taken up
in sliding the link and its fulcrum along guides, but at the same time
the link is being rocked backwards and forwards—the lower end
from one end of the oval back to the other—and consequently the
joint K is also being rocked to and fro, so that, with this movement
and the up and down motion along the guides, the centre of the
pin at K describes an ellipse like that shown by fine dotted line in

the drawing. This imparts to the valve rod L and the valve spindle
sufficient movement to give the valve travel for the distance of the
lap and lead in either direction, and this, as we have seen, is all the
movement that is given to the slide valve in mid-gear.
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For full gear, however, or any cut off that begins later than
the beginning of the stroke, additional travel has to be imparted,
and this is obtained by turning the guides on their pivots so thgj:

the longer axis of the ellipse described by the joint K is inclined

to the horizontal instead of being qyite vertical.

A Constant Lead Assured.
The gear is so designed that if the joint I is considered as a

fixed point, the movement of the link on this fulcrum is sufficient

to give to the joint K movement equal to the lap plus lead of the
valve in either direction. Provided that the centre of the slide

block I is exactly mid-way along its travel in the guide when the
crank is in dead centre position, a constant lead is assured whatever
the cut off, and this Joy motion further gives a quick cut off and a
quick opening with less compression, when the engine is linked up,

than does the ordinary link motion. And while on Joy gear, with
the narrow joint surfaces usually accorded to it on unenclosed
engines working in grit and dust, wear on the pin-joints is rapid

(and any wear makes itself at once felt), with ample joints working
in oil—as they do in the Clarkson engines—it makes an almost ideal

valve motion of its sort, the more so as the slide valves themselves
are fitted with a very convenient adjustment for valve setting.

Explanation of the Working.
To explain the working of this valve motion, let us suppose

that the piston of one cylinder is just at the beginning of its stroke,

and the corresponding crank pin on its dead centre, the crank of
No. 2 cylinder being on top centre, as in fig. 16. Now, whichever
way the engine is to run, the valve of No. i cylinder will be just
opening to lead, but if the engine is required to turn anti-clockwise,
by the reversing lever we throw over the quadrant guides into the
position in fig. 16. This action will bring the valve of No. 2 cylinder
so as to open its F end to steam, its B end to exhaust, and thus 'crank
No. 2 will be driven round in an anti-clockwise direction. Steam will

already have entered the F end of No. 1 cylinder, which would be
prepared to rotate the crank in either direction but for the fact that
its movement is decided by No. 2 cylinder turning it round anti-clock-
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wise. As soon as this begins to happen, the connecting rod of No. i

cylinder moves, and steam in No. i cylinder also follows in action.

Now, if we want to rotate clockwise, we must throw the
valve lever motion over so that the F end of No. 2 cylinder is open
to exhaust, and the B end to steam, as in fig. 17. It is thus clear

that in a properly designed valve motion the centre of the joint I

(fig. 15), when its corresponding piston is at' the end of its stroke,

is not moved when the guides are rocked over for forward or

reverse, for the slipper block is at the centre of the guides—at the

Fig. 17.—Diagram of jNo. 2 cylinder, with valve motion set to run in a clockwise direction.

point on which the guides pivot. If, however, the piston is at any
other point of its stroke, the centre of the slipper block I is no longer

at the centre or pivoting point of the guides, and consequently any
movement of the reversing lever is transmitted, via the guides,

to the slipper block, and so to the valve, which is thus put into

position for forward or reverse working as the case may be. It

is only at the end of the stroke that the valve is unaffected, and it

„is then that the future movement-direction of the one cylinder is

decided by the other.



CHAPTER VI.

CONDENSATION AND OTHER HEAT LOSSES.

Heat and Work in the Cylinder.

WE can now realise broadly the underlying principle of

the expansive working of steam, and 1 how the extent of

expansion can be varied in the cylinder, but that will

only explain in
,

part what happens in thfe cylinder when
the steam is working expansively. As a matter of fact, assuming
a cut-off at the first quarter of the stroke, by the time half stroke
was reached the steam pressure in the cylinder would actually be
belGW half of the original pressure, apd at the end of the stroke
considerably below a quarter of the original pressure.

One reason for this lies in the fact that heat and work are much
the same thing. Work can be changed into heat, or heat into work,
as already explained. Further, we know the exact value of the
exchange—we know what work a given amount of heat represents, or

vice versa. We need not go into the history of how this discovery
was made ;

for that we may refer our readers to any elementary
text book on steam : it is enough here to say that we know that the
amount of heat which will raise i lb. of water by i° Fahrenheit is equal
to 778 ft.-lb., and, per contra, from the heat sufficient to raise 1 lb.

of water by i° Fahrenheit we could obtain 778 ft.-lb. of work, if

no losses were to occur in obtaining it. This quantity of heat is

known as a British thermal unit (B.Th.U. for short), and 1 lb. of

good Welsh coal can give off about 14,000 of these units. In other

words, on this basis, 1 lb. of coal represents a capacity for lifting

10,892,0001b. one foot high, or 1 lb. 10,892,000 feet high.

How Work in the Cylinder lowers the Steam Pressure.

Now in a steai^L engine we are converting into work the heat
derived from burning coal in the fire-box. This heat is used to

convert water into steam, and to raise the pressure of that steam
to the required degree the fire has to provide additional heat to the

steam. Further, in converting water into steam still more heat is

required—but of that more hereafter. As has already been explained,

the higher the pressure of the steam the greater its temperature, or,

conversely, the higher its temperature the greater its pressure, other

things being equal.

With a pressure of 200 lb. to the square inch, as we have imagined
in our example, the temperature of the steam would be about 388°

Fahr. We may reasonably assume then, that steam at 200 lb.

pressure and at 388° Fahr. enters the cylinder, and in that cylinder

it proceeds to do work by pushing the piston outwards. And since
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one cannot obtain work for nothing, it means that a part of the heat
of the steam is converted into that work. This means that the

temperature of the steam falls, and therefore (assuming that the

steam is not superheated) its pressure falls even before the cut off

point is reached at the quarter stroke. While too, theoretically,

if the steam were doing no work in merely pushing the piston out-

wards, the pressure would be halved between quarter and half stroke,

this process of heat being, converted into work, with consequent
fall of steam temperature and pressure, is still going on ; conse-

quently by the time half stroke is reached, the pressure is considerably
below half the original or boiler pressure, and similarly from half

to full stroke the same process continues, so that by the end of the

stroke the difference between the actual pressure and the quarter

of the original or boiler pressure that we should .have expected
is still more marked.

It is with the idea of avoiding such losses' as this that super-

heaters are introduced, so that in them additional heat can be
imparted to the steam from the gases which would otherwise be
wasted up the chimney, and this additional heat can be available in

Fig. i.—Theoretical diagram to indicate how
the conversion of heat into work affects

the steam pressure throughout the stroke,
as shown by the dotted line A G F.

Fig. 2.—Theoretical diagram to illustrate by
line

,
A I H how the condensation and

heat losses in the cylinder still further
affect the steam pressure shown by the
dotted line in the previous diagram.

the steam, as a margin, so to speak, on which one can draw before
one begins to lower its temperature and consequently its pressure.

But, assuming for the sake of argument that no superheater is used,

but that we are Working with ordinary saturated steam, the result

would be that, instead of obtaining a theoretical diagram like

A B C D E in fig. i, we should get a curve as represented by ABCFG.

Heat Losses from the Cylinder Walls.
But the purpose of the superheater is also to counteract another

serious cause of loss in cylinders : this is the condensation already
explained. If the surfaces of the cylinder are colder than the steam,
the latter, on coming in contact with these surfaces, condenses, and
this condensation goes on until the cylinder surfaces are brought up
to the same temperature as that of the steam. Now at atmospheric
pressure the volume of steam obtained from a given quantity of

water is 1,642 times greater than that of the water. The greater
the pressure at which this steam is used, the more the steam is com-
pressed, and therefore the less space it occupies ; but, even at 200 lb.

/.
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to the square inch, the steam occupies a much larger space than the
water from which it is derived. Consequently, when some of the
steam is suddenly transformed back to water, as it is when it comes
up against the colder surfaces of the cylinder, the steam thus con-
densed leaves a space to be filled by the rest of the steam which is

not condensed, and this state of things obviously eases the pressure
;

thus steam condensation inevitably means a fall of pressure, which
in turn means further condensation, and so the evil, once started,

feeds and grows on itself, so to speak. It is for these reasons that
cylinders are steam jacketed, as has already been explained. The
writer makes no apology, however, for stating certain facts twice,

owing to the importance of impressing them upon the mind, for

they are the bases on which the principle of the steam engine stands.
The influence of this fall in pressure may, roughly speaking, be

indicated by the dotted line of the curve in fig. 2, which shows' the
theoretical diagram in a cylinder actually doing work as already
represented by the area A B C F G in fig. 1.

Other Heat Losses.

Now while the additional fall in pressure, owing to the heat
of the steam being converted into work, cannot be regarded as a
loss (since we are obtaining work in exchange for heat), the fall in

pressure due to this condensation is a loss, but it is only one of many.

,

To begin with, the air that comes up between the fire-bars to mix
its oxygen with the components of the coal, and thus produce com-
bustion, is far colder than the fire ; a certain amount of heat is lost

in raising the temperature of this air to that of the fire. The same
remark applies also to the air coming in through the fire-hole, while a
further amount of heat is radiated out into the outer world each time
the fire-hole door is opened. Again, if you put your hand near the
boiler, especially the parts that are not covered with lagging, you
will be able at quite a distance to feel the heat being given off from
the boiler—more, heat lost. The same may be said of the smoke-
box and chimney, while the gases that escape from the chimney are

themselves also quite hot ; their heat, too, is lost. Then the steam
in the pipes and steam chest, and in the cylinder jackets, where such
exist, is all devoting some of its heat to the heating of the outer walls

and keeping them warm in spite of the much cooler outside atmos-
phere, and we have already seen how the heat losses are going on
in the cylinders. Then, too, these cylinders are exhausting the

steam at such a temperature as to make up a big heat loss in

this respect.

Mechanical Losses.

Finally, since movement without friction is impossible, there

are further losses in the mechanism of the engine and in the trans-

mission, and between the road wheels and the road. These, how-
ever, are known as mechanical losses

;
they are not directly heat

losses, but they represent extra expenditure, and so loss of power
which represents heat.
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Taking the heat losses only, the writer has available no data

of really comprehensive tests, but we can get some idea of them.
Let us take the case of a 3 ton steam waggon running at twelve

miles an hour, and burning 7 lb. of first-class coal to the mile. This

would mean 84 lb. of coal an hour, or 1.4 lb. a minute. Each pound
of such coal would probably represent about 14,000 British thermal
units, and each British thermal unit is approximately equal to

778 ft. -lb. of work ;
therefore the coal burnt in one minute would

represent 15,248,800 ft. -lb. of work. Now, a horse-power represents

the capacity for doing 33,000 ft.-lb. of work in a minute
;

therefore

the total potential power, which is represented in the burning of

1.4 lb. of coal in a minute, represents over 460 horse-power.
If we were to take an indicator diagram and find the power

being developed in the cylinders of the engine under such circum-

stances, we should probably find that, taking one mile with the

other, not much more than 20 horse-power was being averaged, and
even if we allow a liberal margin, we find that of the total heat
that we are generating not much more than 5% or 7% is being con-

verted into actual work—a fact which may surprise some readers.

Latent Heat.

But even if we were to allow for all these losses in calculating

how much work we can get out of an engine from the heat put
into it, and supposing we can calculate quite accurately, we should,

it may be stated here, still find ourselves considerably out.

To put it practically, we should find that to raise 1 lb. of water
at, say, 6o° Fahr., to steam at, let us say, 360° Fahr., would require

considerably more than the 300 heat units, which on the face of

things seem all that is necessary. We should find that, instead of

taking 300 units to convert the water into steam at this temperature,
it would require nearer 1,300. If we*watched the conversion of the
water into steam, we should find that, while for each British thermal
unit the temperature of the water regularly rose i° Fahr. until the
boiling point was reached, just at that point for some time heat would
continue to be imparted to the water without any appreciable result.

The fact of the matter is that this heat would be absorbed
in the conversion of the water into steam

;
in other words, in the

change of the matter from one state to another.
The heat necessary to do this is known as the latent heat,

and to change 1 lb. of water into steam takes up no less than 966.6
British thermal units at atmospheric pressure.

But though this means a disappearance, so to speak, of a
considerable amount of heat which could not, on the face of

it, be accounted for as being given off directly in work, we can hardly
call it a loss any more than the expenditure of heat units in actually
and directly raising the temperature of the water or the steam.
The fact that the change from water to steam requires an expendi-
ture of heat constitutes no more of a loss than the expenditure of

the heat units, which actually raise the temperature of the water in

its liquid or gaseous state. Still, it raises the price we have to pay.



CHAPTER VII.

THE WATER SUPPLY-PUMPS AND INJECTORS IN
PRINCIPLE.

Some Principles of Pump Working.

WE may now consider the supply of water to the boiler.

Although there is no need to enter into the broad details

of the working of a pump per se, it is desirable to study
the actual working more closely to appreciate certain

details which are of importance. Everyone knows how the sliding

movement of a piston or plunger in the pump barrel leaves a certain
emptiness behind it, which, by the laws of nature, the water, acted
upon by

t

the pressure of the atmosphere, rushes in to fill. Everyone
knows, too, how the water comes into the pump past a non-return
valve, and how consequently on the return stroke of the plunger
the water cannot be forced back whence it came, but is forced out
through the delivery pipe, which also is fitted with a non-return
valve, preventing entry of water or air when the plunger again
starts on its suction stroke. But few appreciate the conditions
set up by this simple action. Theoretically, the water should
have a perfectly even flow, and therefore the pipes and passages
throughout should give a perfectly even area, but if these condi-
tions were to obtain in practice, it would mean that to get such
a full area of passage around the valves would involve the use of

very large valves, which would have to lift so much that their

impact against the stops limiting their lift would be very consider-

able, and result in no little noise. Practically, too, it has been found
that such large areas past the valves are not necessary, and conse-

quently in practice the lift of a valve is very much less than it should
be in theory. The necessity for limiting this lift, is particularly in

evidence in the case of the delivery valve, but to appreciate this

let us consider what happens inside the pump when at work. Let
us assume that the plunger is on its outward stroke. The suction

valve then is fully open, and will remain so until the plunger reaches
the end of its stroke. The valve will then fall on its seating just

while the ram is starting on its return or delivery stroke, and it is

only after the suction valve is seated that the discharge valve really

begins to lift, and an appreciable time will be occupied in lifting it.

By the time that this has been carried out, the plunger will be well

advanced along its stroke, and will therefore be moving at some
speed

;
therefore, even if the diameter of the valve were equal to

that of the ram, the discharge valve would be moving at the velocity

of the plunger, when it would be arrested suddenly by the stop,

which will result in a comparatively- heavy blow between valve

and stop—quite heavy enough to make considerable noise. The
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shorter, therefore, is the lift of the valve, the earlier in the plunger
stroke will it come in contact with the stop, and, since the earlier

in the stroke the slower the plunger moves, so too will the valve be
moving more slowly when it comes up against the stop

;
therefore

the easier the contact of valve with the stop, and the quieter the

action.

This point is explained so that the reader shall be able to

appreciate at least one of the reasons for the importance of attention

to the lift of pump valves.

Of course—to follow the working of the full cycle of events—the

discharge valve remains open until the end of the discharge stroke

of the plunger, but as its closing only occupies the same length of

time as that of the suction valve, we need not concern ourselves

with it further, as its velocity in this case is nothing like as high

as when it lifts
;

it is the lift of the discharge valve that is the greater

trouble and the limiting factor.

Pump Troubles.

One of the troubles most common with pumps is caused by
air finding its way in to the pump barrel, often (if the pump is above
the level of the water in the tank) owing to the escape of the water
past a leaky suction valve during a period of stoppage, allowing air

to fill the space thus left in the pipe. Also, at high temperatures the

water gives off vapour, which causes trouble similar to that set up
by air, while almost all water contains more or less air in solution,

and this air is sometimes liberated in the pump. When air gets

into a pump, it must be passed forward automatically, or the action

of the pump may cease, and therefore the water passages should
be as easy flowing as possible, with an absence of all inverted pockets
in which air can collect. If air gets into a pump it is alternately

compressed and dilated by the action of the ram, and consequently
the opening of the suction and discharge valve is delayed, with the
result that the valve is arrested against its stop with unusual violence.

But in pumping, air has its uses. In the ordinary pump action

the water along the whole length of both suction and discharge

pipes is alternately being set in motion and brought to rest with
more or less consequent shock, but if a vessel containing sufficient

air be placed in free communication with these pipes, the ebb and
flow of the water* extends or compresses the . air in the chamber,
and this air by its friction and expansion allows the water alternately

to be more or less received into the vessel, and more or less returned
into the pipe, so that the stream is rendered more uniform than it

otherwise would be
; such air vessels are to be found, for instance,

on the Moore pumps.

The Injector—Its Principle.

When the exhaust steam from the cylinders escapes from the
blast pipe nozzle, it displaces a certain amount of air, and not only
that, but, in its rapid rush up the chimney, it also draws after it

a certain amount of air, just the same as an express or fast moving
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car will draw a swirl of air along in its wake. The exhaust steam
up the chimney draws with it air from the smoke box, and a partial

vacuum is thus set up in the smoke box
;

this is filled up by a rush
of air through the fire-box and along the tubes, and thus we get
the draught upon our fire.

Even with a continuous jet of s'te^m we get this action, as can
be proved by the working of the blower, and the same principle is

adopted in the water lifter and in working certain injectors.

The Water Lifter the Simplest Injector.

The water lifter exemplifies the injector in its simplest form,,

merely consisting of a hollow casting connected at one point to the
steam supply, which is introduced through a cone orifice, the small

area of which involves the steam travelling

at a velocity of 1,200 to 1,400 miles an hour.
This steam jet then rushes into the larger

end of another cone in alignment with the
first and almost surrounding it, but leaving a
certain amount of space between the two
cones. Into this space inside the main casting

or body of the lifter runs the water supply
pipe. As the steam then rushes from the

one cone along the other, it draws with it a
certain amount of air from the main body of

the lifter, which causes therein a partial

vacuum that at once makes itself felt right

to the end of the water suction pipe ; con-
sequently, thanks to the pressure of the
outside air on the surface of the water, the
water passes up the pipe into the lifter. As
it flows past the space between the two cones,

and passes into the mouth of the second
or discharge cone, as it is called, the water

comes into contact with the steam,
which it condenses. But by this time
the steam, which was flowing at a
velocity not much less than that of a
bullet, has imparted some of its velocity

to the water, that at this point is

already moving along the cone rapidly.

In addition to this, the rushing steam
coming into contact with the water is

condensed, and at its terrific velocity

is carried forward in its condensed
form with the supply water, the whole
stream having by now acquired sufficient

speed to enable its momentum to carry it into the boiler against

boiler pressure.

That really is also the principle underlying the action of the

injector, only an injector has three, instead of two cones—a steam

Fig. 1.—The injector prin-

ciple in its simplest form
is seen in the water
lifter. In this diagram-
matic section, A is the

. steam cone, B the dis-

charge cone, E the

water inlet. In this

rough diagram, as in

the three following it,

the passage of the steam
is indicated by an arrow,
thus <— ;

that of the

water by a plain arrow
without feathres* ;

and that of the com-
bined steam and water
delivery by arrows with
feathers, thus <—

©

Fig. 2.—The next development of

the injector embodies three cones,

A steam cone, B discharge cone,

and C combining cone, with water
entering at E, and overflow at F.

This type can only be used if

placed below the water level and
so flooded.

/
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cone, a combining cone, and a discharge cone ; the steam cone
discharging into the combining cone much as in the water lifter, and
the latter tapering from the steam jet towards its delivery end,

[while the discharge cone, on the other hand, has a taper widening
from the combining cone to its delivery end.

Lifting and Non-lifting Injectors.

If the steam jet is not turned on, the water would merely flow
through the combining cone and out by the overflow, and, if from
any reason the steam jet is insufficient to pick up all the water, any
water dropped, so to speak, by the jet merely falls in the gap between
combining and discharge cones, and so passes out through the over-

flow. If such an injector is fitted below the level of the water tank,

so that the space around the discharge of the steam cone into the
combining cone is flooded with water, the jet issuing from the steam
cone is sufficient at once to carry with it a column of water to
feed the boiler, on the lines already explained* in the case of the
water lifter.

To lift the water, however, we must have in the injector water
chamber around the steam and combining cones a certain amount
of vacuum or suction

; but the full steam jet, turned on before the
water chamber was full of

water, would soon fill the
chamber with steam, and
almost instantly produce in it

actual steam pressure—the very
opposite to what we want.
What we require is a steam
jet sufficient to draw the air

out of the water chamber and
‘suction pipe, and neatly take

Fig. 3.—If the steam jet can be regulated by a
spindle valve, as at G, a three-cone injector can
be made to lift water. Other lettering as fig. 2.

the air with it through the combining nozzle. Accordingly, for a
lifting injector, we must have some means of regulating the steam
cone jet, so that at starting it is reduced to within the bounds
required. This is effected by fitting within the steam cone a taper
spindle, which can be advanced or withdrawn within the cone so
as to cut down the area of passage. Thus steam is first controlled
by this spindle valve, but as soon as the injector has sucked the
water into the water chamber, and the fact is shown at the overflow,
the spindle valve is screwed right back and the full steam supply
required admitted.

It will thus be clear that by leaving the spindle valve fully open,
a lifting type of injector can be used below the water level as a
non-lifting injector, but a non-lifter could not be used as a lifting

injector.

The Self-acting Re-starting Injector.

The next refinement is the self-acting re-starting injector,
which is now employed on most modern steam road vehicles, and
which involves a somewhat similar principle.
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In these injectors the combining cone is made in two separate
parts, that next to the steam cone assuming the name of “ lift

”

or “ suction ” cone, whilst the part at the discharge end keeps the
name of “combining ” cone. The former is generally fixed immovably
at its correct distance from the steam cone, and the combining cone
made capable of sliding to or from the lift cone. Now let us assume
that the combining cone is butting up against the suction cone,
and that for some reason the water supply ceases, or the injector
“flies off” The full steam jet continues to blow through the cones,

and the combining cone is forced away from the lift cone, leaving
a gap between the two

;
this gap admits much of the now redundant

steam into the chamber surrounding it, and so the latter escapes
through the overflow orifice, the
result being that a partial

vacuum is set up in the injector,

just as the blower will set up
suction in the smoke-box. By
these means, therefore, much
the same result is obtained as

by the spindle valve on the
lifting injector ; a vacuum

,
is

formed inside the injector, and
to fill this the water naturally

flows in and further vacuum is

created in the water chamber by
the condensation of the steam
jet. This lowering of pressure in the water chamber has the effect

of sliding the combining cone up against the lift cone, and the ends
of the two then butt together so that the combining and lift cones
are practically formed into a single continuous passage, the joint

between them being air-tight, so that no air from the overflow

chamber can now enter and spoil the vacuum.

Fig. 4.—la the self-acting re-starting injector,

the middle nozzle is made in two parts, C
being called the suction cone, and D the
combining cone. Other lettering as in

figs. 2 and 3.

Some Injectors as Fitted to Road Vehicles.

It is instructive to see how these principles are applied in actual

practice, and with that object figs. 4A and 4B show the sectional

arrangement of two actual injectors. Both of these are White
injectors, and represent types more used on steam road vehicles

than any others.

Fig. 4A explains the economy of a self-acting starting injector

largely employed on steam tractors, and calls for little remark
beyond pointing to the valve G, which, under the action of a spring,

slides in guides so as to prevent the entry of air through the overflow

into the injector.

In fig. 4B is seen a self-contained or combination, self-acting,

restarting injector more especially used on steam waggons. In this all

fittings are embodied in the casting. This too calls for little explana-
tion beyond the inscription, except to point to the steam stop valve
S V, the water regulator W R, and the check or back pressure valve
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C V, With the steam and stop valves closed, all the cones can be

taken ont, and this injector examined with the boiler under steam.

It should be added that in both these sectional drawings the

interchangeable and renewable parts are shown in black.

T

Fig. 4A.

—

A Rex injector by White’s Injectors,
Ltd. The^ lettering of this section is simi-
lar to that of the previous illustrations,
with the addition of a spring loaded valve
at G keeping the overflow air-tight.

Fig. 4B.—A White steam waggon injector

with steam valve, water regulator, de-

livery stop^valve, and check valve, all

contained in one. The lettering as in

previous illustrations, with the additions

mentioned in the letterpress.

Boiler Pressures and Work Performed.

The work that an injector performs depends upon the boiler

pressure against which it has to force its water supply, and, therefore,

the higher the pressure the greater the amount of steam used to deliver

a given quantity of water. For the 200 lb. boiler pressure, a good
injector ought to deliver 10 lb. of water with 1 lb. of steam, and
against a lower pressure should deliver the same amount ol

feed water for less steam, or more feed water with the given 1 lb.

of steam.
As in the case of the pump, only more so, the working of the

injector is affected if the feed water is too hot—and for the same
reasons. Warm water tends to give off a certain amount of vapour,
and the lower the atmospheric pressure on it, the greater this tendency,
which is therefore considerable when the suction action of the injector

lowers the pressure on the water in the system to considerably below
that of the atmosphere. Generally speaking, injectors will not
feed with water much above 115

0 to I35°F., though, of course
some will work at rather higher temperatures.

F
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Feed Water Heaters.

This brings us to the question of warming the feed water, which
can be done by heat .that would otherwise be wasted, and therefore

offers an obvious method to economise heat and increase efficiency.

There are practically three ways of heating the feed water :

(i) By admitting steam to the tank
; (2) by heating the feed water

on its way to the boiler by the exhaust steam
;
and (3) by heating

the feed on its way to the boiler by the hot gases from the smoke-box.
The first method is not very generally adopted, the second

being that most generally advocated by drivers, although the
experience of some points to a certain amount of back pressure
being set up on the engine exhaust by a feed water heater. This,

however, need not be the case with a good design, but this type of

feed water heater possesses the objection that it can be used only
when the engine is at work. For this reason there is much to be
said for the third category, provided the heater is placed in such
a position as not to obstruct the draught of the boiler.

Economy of Feed Heaters.
From time to time considerable differences between the fuel

consumption of machines fitted with and without feed water heaters

have been chronicled. Some drivers go so far as to claim that the

Fig. 5.—The Moore steam feed pump fitted with hand lever attachment.

feed heater will show a' fuel saving of 15% to 20%, but, though
undoubtedly such savings have been effected, I should doubt
whether, on everyday give and take working, the economy would
amount to as much as this, though the feed water heater certainly
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can show a saving, despite the opinion of some few to the contrary.
The merits of the heater must depend, however, to a great extent
on the driver

; a careless man will obtain little, if any, benefit from
it, and in his case it is not worth the extra complication and room
it takes up, or the extra piping and joints that it entails, which
are the chief objections alleged against the feed heater. The tendency
is in fact towards the fitting of feed water heaters, which generally
consist either of a coil of piping, or a number of tubes surrounded
by the exhaust steam in a casing, in which form they are perfectly
simple appliances.

Pump or Injector ?

One sometimes hears the question,
“ Which do you prefer,

the pump or injector ? ” Except by way of bringing out the merits
of each, such a question is in my opinion impossible to answer, for

each gives the best results under its own individual conditions, so
that the driver who thinks must inevitably in some circumstances
prefer the >one, while under other circumstances he must almost
certainly vote for the other. If, however, a driver were restricted

to a single boiler feed upon which alone he had to depend under all

circumstances, he would probably prefer the pump as the more
reliable, though this does not say that the injector is unreliable,

but merely that the pump is more reliable and is less tricky in

working
; the writer knows cases of drivers who have for years been

working injectors daily, and never yet had any trouble.

But before going into the question of the relative merits of

these appliances, it is as well to know what is available in these
lines, for there are several varieties of pumps so radically distinct

in their principle that these distinctions affect the question.

Fig. 6.—Longitudinal sectional drawing of the Moore feed pump.
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Pumps : Their Varieties and Applications.

For all practical purposes pumps used on road vehicles are of

two kinds, either engine-driven or independent. The former are
nearly all driven by an eccentric or rod worked off the shaft which
may be selected for driving the pump. If they are engine-driven,
they may be driven directly from off the engine crankshaft, or they
may be driven by a separate shaft, the speed of which, as compared
with that of the crankshaft,, is reduced by the gearing through
which it is driven by the crankshaft. Or, again, they may be driven
off one of the transmission shafts, which, owing to the fact that the
road wheels have to revolve so much more slowly than the engine
crankshaft, are geared down to run more slowly than the crank-
shaft. Pumps work more easily at low speeds, and therefore the
tendency is to work them off a shaft geared down so as to run more
slowly than the engine shaft—the slower the better within reason.

The independent pump is a complete little engine in itself.

It has a steam cylinder, the piston rod from which is extended
through to the piston of the pump barrel, and the action of the
steam is regulated by valve mechanism, so that, when the steam
at one end of the cylinder has driven the piston and plunger to
the end of the stroke, that steam is exhausted and fresh steam
introduced on the other side of the piston, so as to make the return

stroke. There is, of course, no need for any crankshaft or con-

necting rod
;

it is purely a reciprocating engine with the end of the
steam piston rod connected with the pump piston or forming a

plunger. Steam pumps of this type, such as the Worthington,
are well known in larger sizes, while the same principle is employed
on the Westinghouse pumps for compressing the air for railway

brakes. For the smaller requirements of steam waggons and tractors

the Moore pump is a well-known appliance (figs. 5 and 6).

Advantages of Pumps.
Now there are certain advantages that a pump of any sort

has over an injector, and certain others which are peculiar only to

the latter appliance. The pump is moie exactly regulable than
the injector, and can often be set to deliver just sufficient feed water
to meet regular requirements. This is a particularly valuable

point when driving in heavy traffic or when the driver's attention

may be taken up so that he may not be able to give much thought
to other things than driving. Then also a pump can use, with
certainty of action, dirtier water than can an injector

;
moreover,

it can use hotter water than an injector
;
and these are considerations

which especially enter into the question when it is often necessary

to fill the tank from the roadside, for not oi^ly is the water thus

obtained of all sorts and degrees of dirtiness, but the water lifter,

in transferring the water to the tank, may heat it considerably.

The pump, too, can work with less steam blowing about than does

an injector., unless the latter can be placed in a position below the

tank so that it can be permanently flooded ;
and the pump does not
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lose water at starting or shutting off as an injector very generally

does to some small extent. Also, the use of the pump does not
reduce the steam pressure in the boiler to such a degree as the in-

jector, and, since a pump can work with hotter feed water than
an injector, it lends itself better to the use of a feed water heater,

so that in this respect too it may be more economical. Finally, an
engine-driven pump can be used without any steam consumption
when the vehicle is travelling down hill.

Injectors and their Advantages.

Some of these points, however, while they are undoubtedly
advantageous under some conditions, may be the reverse under others.

For instance, in heavy traffic, when the boiler is showing signs of

blowing off, the tendency to reduce the steam pressure is a positive

advantage, and constitutes a real benefit attaching to the use of the
injector. Again, it may be argued that the injector itself also acts

as a feed water heater, and warms the water as it delivers it to the
boiler. True, it is using live steam from the boiler for this, but so

also is the pump.
With the exception of the independent pump, no variety of

pump can work when the engine stands still
;
with it the engine has

to be run, if the boiler is to be fed with water. Again the injector

has few valves to stick, no glands 1 equiring packing, and no moving
parts to wear

;
the only parts exposed to wear of any sort are the

cones (which are subjected to the friction of the steam rushing
through at an enormous velocity and exercising a cutting effect on
them), and the check valves, which, however, have but very slight

movement. The injector too, although it can make a noise, is

perhaps less noisy than the pump in action, especially if the valves
of the latter have a relatively big lift.

Summary.
All things considered, the experience of drivers seems to point

to the fact that a combination of pump with injector is desirable,

since each has certain advantages which cannot be obtained from
the other. Even the independent pump, though it can feed the
boiler without the engine being put in motion, cannot reduce the
steam pressure, when necessary, as can the injector. On the whole
present day experience seems to point to the use of an injector in

addition either to an independent pump or to a pump driven off

the engine ; and in the latter case (since pumps work more easily

at low speeds), to a pump driven by a separate shaft, so that the
engine can be run without putting the vehicle in motion.

Feed Water Appliances for Hydraulic Tipping.

Before leaving this subject, it is well to refer to a tendency to use
these feed water appliances for working the hydraulic lifting gear
which is coming to be more and more employed in steam waggons
that have to carry tipping bodies.
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Fig. 7.—Diagram showing how the toiler feed water pump on a Foden waggon can be diverted

for use in supplying the hydraulic tipping cylinder with water at pressure.

Fig. s.—The general arrangement by which an injector is employed on Sentinel waggons for

forcing water, when required, to the hydraulic cylinder for tipping the body.
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Fig. 7 shows how the feed pump on a Foden can be utilised

for supplying the hydraulic tipping cylinder by diverting the water
from the boiler through a two-way cock, which passes it either to

the tippirig cylinder or tank or to the boiler, a small wheel valve
determining which of the two latter it shall feed.

But not only the pump but the injector is being employed
to supply water at pressure for the hydraulic tipping system. Fig. 8

shows the arrangement adopted by the Sentinel Waggon Works, Ltd.,

who are responsible for the introduction of this idea. For this a
separate Holden and Brooke injector is employed. This delivers

to a three-way cock, which, according to its position, allows the
water to pass on at pressure (1) to the lower end of the cylinder

for lifting the body, (2) the upper end for lowering, or (3) back to

the tank. The idea is extremely simple, and has the advantage of

eliminating moving parts.



CHAPTER VIII.

THE TURNING FORCE AT THE CRANKSHAFT.

Leverage in Turning Effort.

H AVING considered
,
what happens inside the engine, in the

boiler, cylinders, pumps, and injector, let us see how the
power acts on the crank.

When a crankshaft is turned round, a certain amount
of resistance is offered to that turning by the grip, or rather the
friction, of the bearings acting on the outside circumference of the
shaft. We will say, for the sake of argument, that these bearing
surfaces are at iin. from the centre of the crankshaft, which, there-

fore, will be 2in. in diameter. Now, if it were possible to get hold
of the crankshaft at a point only Jin. from its centre, the resistance

of the bearings, acting at iin. from the centre, would have the advan-
tage of double the leverage enj oyed by the turning force acting at
only Jin. from the centre

;
therefore, if it took a force of i lb.

to overcome the friction of the bearings at the bearings them-
selves, it would take a force of fully 2 lb. to turn the shaft agaihst
this resistance, if that turning force were applied at only half the
distance from the shaft centre. On the other hand, the connect-
ing rod, turning the crankshaft round, acts on a crank pin which
is at a considerably greater distance from the crankshaft centre
than are the bearing surfaces and their resistance. Accordingly
the force at the crank pin enjoys a considerable mechanical advantage
owing to the greater leverage at which it acts.

Let us suppose that the stroke of the piston is 8in. The centre

of the crank pin then, having to describe a circle of 8in. diameter,
will be at 4m. from the crankshaft centre, and, supposing the crank-
shaft to be of 2in. diameter, since the bearings exercise their resistance

.

at a radius of only iin. from the centre, it follows that a force on the
crank pin would have four times the leverage of the lesistance of

the bearings. Consequently, if again it took 1 lb. to overcome the
resistance of the bearings at their surfaces, a force of J lb. only

on the crank pin would be sufficient to overcome the resistance.

The Two Factors of Turning Effort.

It follows, then, that forces like this, acting around the centre

of a shaft, depend partly on their own magnitude, and partly on

the distance from the shaft centre at which they act. These are

called momental forces, and are measured by the two factors which
go to make them up. For instance, a force of 100 lb. acting on

a crank pin which is ift. from the crankshaft centre would exercise

a turning moment of 100 ft. -lb. ;
the 8,000 lb. of steam pressure

in our cylinder, acting at a distance of 4m. from the crankshaft centre,

would exercise a turning moment of 32,000 in. -lb. or 2,666.6 ft. -lb.
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Variations of Leverage owing to Crank Position.

But a turning moment or turning effort—whichever we call it—is

a force which turns, or tends to turn, and to do that it should always
act in the direction of the turning or rotation, as, for example, does
the weight in turning the pulley in fig. 1. That is to say, the force

has to act tangentially, or in a line touching the circle of rotation

without cutting it. This the connecting rod of an engine does not
always do

;
in fact, it only exerts truly tangential force momentarily

at a single point during each stroke, or twice in a revolution, once
on the outward and once on the inward stroke. Now it is pretty
clear with very little reflection that this point, at which the force

of the connecting rod is truly tangential and therefore purely rotational,

occurs just and only when the axis of the crankshaft is at right

angles to the axis of the connecting rod, as in fig. 2, and the same
reflection will show that on the dead centres the
force acting along the connecting rod is not
tangential at all

;
in other words, it exercises no

turning effect whatever. If it did there would
be no difficulty in starting an engine from its

dead centre.

A little further reflection will serve to show
that, when the crank is on its dead centre, the
force that is being transmitted from the steam in

the cylinder along the connecting rod is not only
non-tangential, but merely and entirely exerting
itself in a thrust transmitted along the crank webs
to the main bearings of the crankshaft, and this

thrust is perfectly useless. The action then of

the connecting rod on the crank is made up of

two forces : firstly, the tangential or useful forces

for rotating the crank
; secondly, the useless forces

acting^ as a thrust radially inwards from the
crank .Throw circle to the centre of the crank-
shaft. Moreover, the useless radial forces are
greatest at the dead centres, at which points the useful tangential
forces are reduced to the minimum of nothing, and, as the crank
rotates, the radial forces decrease and the tangential forces increase,
until the latter reach a maximum when the centre line of the con-

Fig. i.—

T

o -explain the
action of a tan-
gential force.

/
Fig. 2.—Only when the axis of the connecting rod is at right angles with that of the crank,

as in this figure, is the turning effort purely tangential.
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necting rod is at right angles with the centre line of the crank. At
this point the radial forces have fallen to nothingness, but as the
crank pin centre continues to move round its path they again increase
until they reach their maximum at the opposite dead centre, at
which point the tangential component of the force has again been
reduced to nought. On the return stroke the same sequence of
affairs happens, but in this case connecting rod and crank are at
right angles to each other during the second half of the stroke,
whereas in the previous or outwards stroke this state of affairs

occurred in the first half of the stroke.
All this is best explained if we assume that a steady force of,

say, ioo or 1,000 lb. is acting along the connecting rod, and if we then
unroll the circular path of the crank pin into a straight line, and
plot a diagram showing how during a half revolution of the crank
this turning effort is ever fluctuating, owing to the position of the
crank relatively to that of the connecting rod (see fig. 3).

Fig. 3.— If the circular path o£ the crank pin for half a revolution, or one full stroke of the
piston, were unrolled into a straight line, the various heights of the full line in the
above diagram would represent how the tangential or turning effort due to the position of
the crank varied, if the crank were of infinite length, and so were always in line with the
axis of the engine. The dotted line shows the actual turning effort with a connecting-
rod of practicable length.

Obliquity of Connecting Rod Thrust.

In crank turning effort there is another variable, for we have
yet to take ihto account the thrust due to the obliquity of the con-
necting rod. This matter may be explained in this way.

Suppose we have an engine with its crankshaft rotated in a
clockwise direction as in fig. 4, and let us further suppose that the
crank is in the position shown in that figure. Now the force of the
steam is exercising a thrust along the line of the piston and con-

necting rod, and that line is not a straight line, but is already
sharply befit at the cross head, which practically constitutes a

hinged joint. If then the end of the piston rod, or rather the cross-

head, were unsupported by the guide bars, as the steam pushed
the piston and piston rod outwards, the latter, and connecting rod
would tend to take up the positions indicated by the dotted line.
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For the same reason, supposing that, the engine still running
clockwise, the crank had reached the position shown in fig. 5, the
force of the steam acting on the piston rod and connecting rod would
be a pull instead of a push, which would tend to straighten out
the two as hinted by the dotted lines in fig. 5.

/

Fig. 4.—Diagram to explain the thrust caused by the obliquity of the connecting rod when
the steam is pushing the rod.

Let us suppose again that we dispense with guide bars, and
put the crank pin absolutely on its dead centre, so that the axis

of the connecting rod and piston rod are absolutely in one and the

same straight line. Assuming the two to be absolutely and perfectly

accurate in alignment, we should find that there was no tendency
whatever for the piston rod to be forced downwards, as in the other

two cases. It is only when the connecting rod lies at an angle with
the piston rod that this force begins to act, and the sharper the
angle it makes with the piston rod the greater the oblique thrust

Exercised, other things being equal. It is obviously the thrust

due to the resistance of the crank pin to being rotated, for action

and reaction are equal and opposite, and if the steam on the piston

exercises a force in the one direction, the resistance of the crank
pin will constitute a corresponding force in the other direction.

Fig. 5.—Diagram to explain the thrust on the slide bars due to the obliquity of the connecting
rod when the steam is pulling the rod.

^
'

,

<' /

Summary of the Crank~position Factor in Turning Effort.

Thus turning effort at the crankshaft of the pressure in the

cylinders is constantly varying owing to the ever-varying advantage
accorded by the constantly changing position of the crank. It has

been shown, too, how this is due to the relative positions of crank
and connecting rod, and how when these two were in line with
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each other—in other words, when the crank was on either of its

dead centres—the pressure of the steam in the cylinders was wholly
taken up in a thrust exerted radially to or from the centre of the
crankshaft (according to whether the orank was on its outer or
inner dead centre). It has been explained also how no turning
effort was exerted in these positions, and how, when the axes of crank
throw and connecting rod stood "at right angles to each other, there
was none of this radial thrust, but that all the effort was expended
in tangential force, which was tending usefully to rotate the crank-
shaft. It has been shown, in other words, how the useful turning
effort, which is really what matters for our purpose, varies from
nothing at either dead centre to a maximum when crank and con-
necting rod are at right angles to each other. Further, we have
seen that, if we draw out the circular path of the crank pin into a
straight line, we can represent this variation graphically by a curve.

Fig. 6.—A diagram to give an idea of how.the turning effort of a double-acting single cylinder
varies during a complete revolution. The base line represents the path of the crank
pin unrolled, each division represents a crank pin travel of 30% and the height at each
of these points represents the magnitude of the turning effort.

The Steam Pressure Variable.

But in a steam engine the relative position of the crank to the
connecting rod is not the only variant. It has already been explained
how, chiefly for economic reasons, the steam supplied to the cylinder

has to be cut off before the piston has reached the end of its stroke,

frequently before even it has finished half of its stroke. And we
have seen, too, that this affects the pressure during the stroke, and
that for as nearly as long as the cylinder is open to the steam supply
from the boiler, the full pressure of steam on the piston can be
maintained, but that, when the supply is cut off, the steam, having to

expand and fill an ever-increasing volume, continuously diminishes
in pressure. And it has not only been explained how this works out
in theory, but we have seen it demonstrated in practice by the
actual diagram given in fig. 5 (Chapter IV.).

Combining the Variables.

In addition then to the ever-varying leverage due to the con-

stantly changing angular position of the crank, we have a continually

varying steam pressure. Therefore, to find out the exact actual

turning effort on thg^crankshaft, we must combine the actual

diagram of crank leverage, if we may call it so, in fig. 3 with
the diagram of the varying steam pressure as in fig. 5 (Chapter IV.),
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To work out a diagram indicative of these two combined variables,

we go upon the same lines as in fig. 3 diagram, that is to say, we
unroll the circular path of the crank pin into a straight line, and
along it at intervals we take a number of points. At each of these

by multiplying the crank position leverage by the steam pressure

factor, we calculate the turning effort at that point, and in the
diagram express our result by the height of the line vertically above
the base line which represents our unrolled crank path. Thus, in

fig. 6 the vertical lines from the points marked 30°, 6o°, 90°, and
so forth, represent the magnitude of the turning effort in ft.-lb. when
the crank pin has reached these positions on its circular path, and
so at the tops of these vertical lines we get a series of points which
enable us to construct a curve showing not only how the turning effort

varies throughout the rotation of the crankshaft, but the actual magni-
tude of the turning effort at any point during that rotation. The greater

the number of points we take the greater the accuracy of the curve.

Fig. 7.—Diagram to give an idea of the crank effort of a two-cylinder double-acting steam
engine with cranks at 90° to each other. For the sake of comparison and better to
explain how this diagram is built up, the curve of a single-cylinder effort is shown by
the dotted lines.

The approximate result of a typical steam engine crank turning
effort then, is to be seen in fig. 6, which represents the effort of one
double-acting cylinder along a path representing the complete
circle travelled by the crank pin.

A Two'-cylinder Diagram.
But in the ordinary steam engine for road vehicle work we

have two cylinders with cranks at right angles to each other, and
even then in a compound engine we do not get quite the same effort

from both cyfinders. To explain the general principle and how such
a diagram works out, however, it will be sufficient if we assume the
two cylinders to give exactly similar results as far as steam pressure
is concerned. We then have only to combine two diagrams similar to

that in fig. 3, making the one cylinder diagram end and begin again at

the pointwhich already marks 90° travel for the crank pin of the other.

The approximate result of this is seen in fig. 7, in which the
original single-cylinder diagram is reproduced in dotted lines, and
the combined two-cylinder diagram is seen in full fines. Thus from
this it will be seen that the turning effort on a crank is a constantly
varying quantity that fluctuates within well defined limits, this

fluctuation taking place with perfect regularity.



CHAPTER IX.

THE PRINCIPLES OF GEAR TRANSMISSION.

Leverage and Force.

WE have seen by now that, just as heat and work are exchange-
able, so force-magnitude, if the term is permissible, and
leverage are interchangeable factors in a turning moment.
It does not matter whether we have a force of ioo lb. acting

with a leverage of I2in., 1,200 lb. acting with a leverage of iin.,

or 200 lb. with a leverage of 6in. : the result—the force-magnitude
multiplied by the leverage—is the same in each case

;
the same

amount of work is done.

Work—A Force through a Distance.
But work means the exercise of a given force through a given

distance—note that word “ distance/' If we decrease the force

and increase the leverage, it means that the force has to act through
a proportionately increased distance

;
if we exercise greater leverage

on the crankshaft by employing a longer crank, we can turn that
crank round with less effort in the cylinder, and so we can use a smaller
cylinder or a lower steam pressure—which we like—but in either case
the travel of the piston within the cylinder will have to be pro-

portionately increased—the piston will have to make up in distance

what it loses in force.

A Transmission Example.
We find the same immutable law—that we cannot have some-

thing for nothing—just the same in the transmission. Take for

instance the case of a 4m. diameter pinion on a crankshaft rotating

a i2in. diameter gear keyed to the countershaft. Now, if you
were to grip hold of that countershaft and try to rotate it by hand,
you would probably be unable to do so, but take hold of the rim of the
I2in. gearwheel keyed to it, and you can probably turn the counter-

shaft round without any difficulty. Obviously the greater the
distance from the shaft centre at which one can exercise the turning
force, the easier it is to turn the shaft : it is only a question of leverage,

and it matters little whether the lever ends without a handle, as in

sketch A of fig. 1, whether it has a handle as at B of the same figure,

or whether that handle is made into a complete circle as at C (a good
illustration of this last is seen in the steering wheel of the old type
Rover car). Neither does it matter whether any power applied

to the circular handle of the lever in C is taken by a single spoke
lever, or by a series, as in D, or whether the spokes or levers are so

extended as to constitute a solid web as indicated in sketch E.

The principle is the same in all cases, and the fact that a wheel
is only a lever with an endless handle becomes clear.
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Reverting then to our example, by meshing with the I 2in.

diameter gear wheel our pinion can get to work to rotate the crank

at a leverage of 6in.

But the argument cuts both ways, and if the turning force

can thus be applied with a leverage of 6in., the resistance to the

turning of the 4m. diameter pinion at least also acts at a radius

or leverage of 2in. Even so, however, if the mechanical disadvantage

of the latter proposition amounts to 2, the mechanical advantage
of leverage from the big diameter of the driven gear amounts to 6.

Assuming an 8in. stroke, we should have a 4m. crank throw, which
would give the motive force double the leverage of the opposing

Fig. 1.—A series of figures to demonstrate the fact that a wheel is only a lever with an
endless handle.

resistance on the 2in. radius of the pinion. Thus on the crankshaft
we have a mechanical advantage of 2, and this we get trebled by
the pinion and gear to countershaft, as already explained, giving

the turning force on the crank pin a total mechanical advantage
of 6 for turning the countershaft.

But once more, we cannot get out of a transmission more work •

than we put into it. If we turn the four-inch crank for half a revolu-

tion, we rotate the pinion on the crankshaft just the same amount

—

half a revolution. But though the crank has double the leverage .

of the pinion, and so at the teeth of the latter the force is doubled,
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it also involves the force at the crank pin travelling a half-circle,

double the diameter or length of that travelled by the teeth of the
pinion : we need put in only half the force we get out, but to do
so have to exert that half force for double the distance.

Between pinion and gear wheel we find the same law in opera-
tion. At the teeth of the pinion we are applying a given force.

The diameter of the pinion is 4m., that of the gear wheel 12m.
Obviously the teeth of both, being in mesh with each other, will have
to be of the same size, and therefore if, for instance, there are 16
teeth on the pinion there will be 48 teeth on the gear. Now we
have seen that the mechanical advantage of this pinion and gear
transmission is 3 : that is to say, with a given turning force applied
at the teeth of the pinion the countershaft can be rotated with
three times that force. It is equally clear, however, that to rotate
the big 48 tooth countershaft gear wheel once the 16 tooth pinion
will have to rotate three times.

This principle of gearing and leverage we see in a bicycle. A
man can ride with greater power if he has long cranks than with
short ones, but he has to swing his feet to a bigger circle of pedal
travel. With longer cranks, if his gear remains the same, he rides

no faster in spite of the extra movement of his legs, but he rides

with greater power, and can ascend Rills impossible with shorter
cranks. On the other hand, he may prefer extra speed to extra
power, in which case he can fit a larger chain wheel to the pedal
shaft, which involves the resistance of his machine being applied

at a correspondingly grearer radius or leverage.

Let us express the proposition in a concrete quantitative example.
Take our 4m. crank and a spur pinion of 4m. pitch diameter in mesh
with a gear wheel of I2in. diameter on the countershaft, which
has to be driven : we will further suppose that the steam in the
cylinder, through the connecting rod, is applying to the crankshaft

a force of 8,000 lb. This it does at a leverage of 4m. from the crank-

shaft centre. Now the resistance offered by the big gear wheel that

has to be driven round, exercised at the pitch diameter of the pinion,

is at a radius or leverage of only 2in. from the crankshaft centre
;

consequently the 8,000 lb. driving force of the engine, acting at a
leverage of 4m., can turn the crankshaft round against a resistance

of 16,000 lb. acting at a leverage of only 2in., as it would on the

gear pinion. If, therefore, this driving force of 8,000 lb. is applied

at the crank pin, the 4m. pinion (2in. radius)' will act on the circum-

ference of the 12m. gear wheel of the countershaft with a force of

16,000 lb. Now this force will here act at a radius, or leverage,

of bin. from the countershaft centre, and if the countershaft is 2in.

in diameter, the resistance of the bearings will be acting at iin.

from the centre of the shaft ' thus the driving force will have a

mechanical advantage of a leverage six times as long as that which
the resistance of the bearings has. Therefore the turning force of

16,000 lb., acting on the countershaft with a leverage of 6in., would
be able to overcome a resistance of six times that amount (96,000 lb.)

on bearing surfaces only iin. from the shaft centre.
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Suppose, however, that the road wheels were mounted on this

countershaft, and that they were 3ft. in diameter. Then the resist-

ance that has to be overcome in turning the wheels on the road
would have a leverage of i8in. from the centre—three times as

great as the leverage of the driving pinion acting on the gear wheel
of the same shaft, and the 16,000 lb. of driving force acting on this

gear wheel would be able to overcome only one-third of its amount

:

it could then only exert a force of 5,333.3 lb. at the tyres.

The Principle of Leverage in Braking.

We find the same principle merely reversed in the action of

braking. Wheels mounted on an axle shaft are being rotated, and
a retarding force, instead of a driving force, is applied at a point
some distance from that centre. The greater the distance from the
centre, the greater the leverage the braking force exerts, and the
more quickly the vehicle is stopped ;

or if it is preferred to stop the
vehicle no more quickly, it can be brought to a stand by a lesser force.

In other words, the greater the diameter of the brake drum, the
greater the possible braking power.

If the total moment of the braking force exceeds that of the
force rotating the shaft or wheels, then the wheels will “ pick up/'
or skid along the ground without revolving. And here, going back
to the question of driving force, we see the exact converse of this,

for if the road surface is so slippery that the frictional grip afforded
at the bearing of the tyre on the road becomes less than the turning
effort, or in other words the turning effort exceeds the wheel adhesion,
the wheels when driven merely slip round without biting the road.

High Speed Power and Gears, or Low Speed Power Direct.

In propelling a vehicle, then, the proposition is this. The
road wheels have to be turned round with sufficient force to propel
the vehicle, yet with not enough to slip them round uselessly, and
we can either do this more or less directly by a big powerful slow-
running engine, as in the Sentinel waggon or the Atkinson, or by a
comparatively small high-speed engine acting throughfgearing which
enables it to put in a lot of power by running at high speeds (and
remember power is only the capacity for doing work). We see this

method in its extremest form m petrol cars, the ordinary type of

steam waggon being, in truth, a happy medium between these two

—

a medium-sized engine driving at moderate speeds through a moderate
gear reduction.

The Action of the Differential Explained.

Having now explained the underlying idea of gear reduction
which enables a relatively small engine running at high speed to
rotate the road wheels at slow speed but with greatly multiplied force,

we will not for the present enter into the details of gear reduction.
Whether it is done at a single step, or by a series of trains of ge&rs,

o
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or whether it is effected by spur, worm, or chain gearing, is im-
material to our immediate purpose : the principle of conversion
of less force acting through a greater distance into a greater force
acting through a lesser distance—or as it is often incorrectly put,
of speed into power—is enough for our present considerations.

Driving on a Pair of Wheels.

Like the turning effort of the gears, which is made up of force-

magnitude and leverage, the resistance of the road wheels to turning
effort is made up of the same factors, the resistance to turning effort

depending upon the weight on the tyre, the frictional nature of the
surfaces of road and tyre, and the leverage, or radius, of the wheels.

We may assume, therefore, that by some system of gear reduc-
tion the engine is rotating the road wheels—both road wheels

—

for in road vehicles for driving or propulsive purposes it is very
desirable to obtain

, as much adhesion as possible up to a certain

point, and, therefore, for moving the vehicle forward the adhesion
derivable from the two back wheels is better than that which can
be obtained from a single wheel. We will confine ourselves for the
present to the back wheels, for there are certain difficulties against

using the adhesion of the front wheels for driving purposes, owing
to their swivelling movement in steering

;
and for most practical

purposes these difficulties outweigh the advantages.
Now, it would be easy enough to mount or key both wheels

rigidly to the same axleshaft, and to drive that shaft through the
necessary gear reduction. With such an arrangement the back
wheels would propel the vehicle along perfectly well, but only in

a straight line
;

if the car had to turn a corner it could not do so,

because the outer wheel would have to travel in the given time of

corner-turning a greater distance than the inner wheel, and this,

being keyed to the same axleshaft, it could not do, any more than
the inner wheel could rotate more slowly than the outer.

Need for Driving Wheels Separately Mounted.
The road wheels then must be separately mounted, each capable

of revolving independently, yet both capable of driving together,

even when the movement of the one is greater than that of the

other. This is the purpose of the differential gear—a mechanism
sometimes called the balance gear, which describes it better than
its more usual name. It does not matter whether the balance gear

is embodied in the back axle or in one of the shafts of the trans-

mission so long as the balanced transmission is carried to both wheels :

the result is the same ;
the wheels can revolve each as required,

yet both propel the car forward.

The Bevel Balance Gear Described.

The shaft or axle carrying the differential gear is in two halves,

the inner ends, so to speak, meeting at the differential gear. There
are various modifications of the gear, but for the sake of our im-
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mediate explanation we will suppose that it is of the type shown in

fig. 2, the inner end of each half of the differential shaft ending
in a bevel wheel Bi and B2. These are called the sun wheels, and
in between the two of them, and in mesh with both of them, are one,

two, three, or more bevel pinions Ai and A2. These are known
as the planet wheels, and they revolve in bearings in a casing encircling

the whole gear and comprising also bearings in which the differential

half shafts of the sun wheels Bi and B2 rotate. Thus the casing

can revolve around the axleshafts on these bearings. Mounted
on this casing is the crown wheel, which is driven from the engine,

or indirectly through the gear reduction.

The Explanation.
Let us be quite clear about the matter. It is this casing that

is driven round by the engine. Now we will imagine one of the
sun wheels, say B2, removed, and the differential casing (not shown)
revolved contra-clockwise, as in-

dicated by the large arrow. The
planet pinions then mounted in

the casing would move with it,

and would travel round in a
circular path ;

moreover, if their

teeth were in mesh with those of

the sun wheel Bi, these pinions,

while moving in a circular path
around the sun wheels, would also

rotate on their own axes in a
contra-clockwise direction (if you
look at them from the outside of

the gear)
,
as indicated by the small

arrow on Ai. Now let us remove
the sun wheel Bi, put back B2,
and rotate the differential casing

around the shaft of B2, revolving
it in the same direction as pre-

viously. Exactly the same thing
happens, with this important ex-

ception—the bevel planet pinions
A 1 and A2 this time revolve clock-

wise, or in an exactly opposite direction to that taken when they
were in mesh with the other sun wheel.

It is clear, then, that rotation of the differential casing in a
given direction tends to rotate the planet wheels in one direction

against the one sun wheel, and in the other direction against the
other. The tendency of the sun wheels on the planets is opposed
to each other, and if the turning force of each wheel is equal, they
will balance each other : one will try to turn the planet pinions round
in the one direction as much as the other does in the other, the
result being no movement at all in either direction ; as far as rotation
on their own axes is concerned, the planet pinions do not move.

Fig. 2.—The bevel differential. Ai and A2
are the planet pinions

;
Bi and B2 are

the sun wheels attached to the shafts of
the axle or countershaft.
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for the teeth of each planet pinion is in mesh with the teeth of both
the sun wheels, and, if the former do not move, it follows that the
latter cannot either have any relative movement. The fact is that
the whole gear is locked, so, if the differential casing is rotated
and the pinions have to move with it, the whole gear also has to move
with it, and planets, both sun wheels and their shafts all move,
round equally with the differential casing and crown wheel. And
since the road wheels (or if the differential is on a countershaft,

the pinions driving them) are mounted on the outer ends of these

shafts, the two road wheels rotate also along with the differential

casing.

Now let us put a slight braking action on the shaft of Bi : the
balance of effort between the two sun wheels, which locks the whole
gear, is at once upset, and Bi tends to lag behind the differential

casing, with the result that the pinions A revolving on their own
axes tend to roll around Bi as though it were a circular path or

track revolving in the direction indicated for A by the small arrow.

In doing this the pinions rotate in a contra-clockwise direction,

which has the effect of accelerating the sun wheel B2, just in pro-

portion as Bi is retarded, the consequence being that B2 tends
to run faster than the differential casing, in proportion as Bi tends

to run slower, and the amount of this action is clearly exactly in

proportion to the braking or slowing force on the sun wheel Bi
or its shaft.

The Influence of Steering Movement on the

Balance Gear.

It may not be quite clear how it is that, when the vehicle is

turned round a comer or curve, the action of the steering influences

the back wheels. In the first place, there is a force tending to make
the outer road wheel rotate faster than that on the inside of the

!f\

.J

lc

Fig. 3.—To emphasise the fact that in turning sharply the force on the inner wheel of a

handcart may be sufficient, not only to retard it, but actually to move it backwards.

Fig. 4>—with a less sharp turn than in the previous figure, the handcart may be turned

round with the inner wheel as a fulcrum
;
in other words, the retarding force is sufficient

only to stop the wheel altogether.

curve. Take the case of the handcart in fig. 3. The boy pulling

it, if he wishes to turn a corner, pulls from the handle-bar at A
somewhat in the direction of the arrow B. Let us, however, take
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a more extreme case, and suppose that he pulls nearly at right

angles to the draw-bar in the direction of the arrow C. Here we
have not only a retarding force on the inner wheel, but actually

a force driving it backwards, the cart practically turning around
the point D.

Under ordinary conditions, however, when the boy pulls side-

ways to turn the corner, he is also walking forward, and the forward
movement is generally more than sufficient to counteract any ten-

dency of the turning movement forcing the inner wheel backwards.
If the boy, therefore, is walking forwards at just the same speed
as his turning movement tends to force the inner road wheels back-
wards, we should find the wheels and axle in the position shown
in fig. 4. In this case, the cart is turned to all intents and pur-

poses on the point E, and so we have evidently on the inner wheel
a retarding force sufficient to stop it altogether, although the outer
wheel has progressed a little way along its curved path.

And so it is with the car
;
the momentum of the front part,

being diverted out of the straight line of progress by the steering,

tends to bring the axle round to

this position, but to a lesser extent.

We have seen how with the turn-

ing point at D between the wheels,

the inner wheel on the curve was
actually subjected to a reversing

movement—something more than
a mere braking or retarding. And
we have seen how with the point

of turning moved outwards to the

wheel at E in fig. 4 the retarding

effect on the inner wheel was
sufficiently great to stop the wheel
altogether. It thus appears that

the further from the centre line

of the vehicle the point around
which the vehicle is turning, the

less will be the retarding effort on
the inner wheel of the curve. Now
in a car the steering is so designed
that, when locked to the greatest amount, the vehicle will turn

around a point that would fall on the axis of the back axle if the

latter were produced. This is best explained in fig. 5, the centre

of turning being located at A. It follows, therefore, that the point

being still further away from the centre of the axle, the retarding

effort on the inner wheel will be less than in the cases illustrated by
figs. 3 and 4. It will allow the wheel to travel forward along a circular

path, but one of less size than the outer wheel.

That very roughly is the principle of the forces affecting the

back wheels when a car is travelling round a curve, although, of

course, there are many additional complications, such as the effect

of the springs on the action of the steering.

/ /
A

Fig. 5.—In a car the steering is so designed
that when the vehicle is locked to the
sharpest curve, the centre of turning lies,

considerably beyond the axle, but is on the
axis of the back axle produced, as at A.
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The Parallel Pinion Differential.

An exactly similar balancing effect can be obtained by the
use of ordinary spur gear wheels, but in that case two spur pinions
will be necessary to give the same effect as each single bevel pinion.

One of these spur pinions is in mesh with each sun wheel, and each
pinion in mesh with the other, as in the arrangement shown in fig. 6.

Here only one pair of pinions is shown at Ai and A3, but there
would ordinarily be at least another pair which, however, need not
be visible in the drawing. As before, Bi and B2 are the sun wheels,

and the pinions Ai and A3 are on shafts revolving in bearings in

the crown wheel or differential casing.

As before, we will suppose this casing and planet pinion's are

being moved round in a contra-clockwise direction. Now, if the
sun wheel B2 could be removed, and the differential casing rotated

in a contra-clockwise direction, the pinion Ai would simply roll

round the circumference of Bi, revolving, of course, all* the time
it is travelling along this circular path

; it will revolve contra-clock-

wise as indicated by the small
arrow. By it the other planet
pinion A3 will be revolved in a
clockwise direction (see arrow),

but as it is merely revolving
“ in air ”—its sun wheel B2
having been removed—nothing
else will happen.

If we remove the sun wheel
Bi, A3 will travel a circular

path, revolving contra - clock-

wise, and A 1 will be idly

rotated clockwise.

Now let us try with both
sun wheels and with the pair

of pinions, the one pinion in mesh with the other. The natural

tendency of each pinion, as we have seen, will be to rotate in

opposite directions, but since they are in mesh with each other,

the one will obviously prevent any rotation of the other, provided
the effort to turn the one is no greater than that of the other.

This can be realised from the diagram in fig. 6 : the one balances

the other.

Again we will suppose the vehicle turning a corner which involves

the sun wheel B2 overrunning Bi, or, if you prefer to put it that way,
Bi going slower than B2. What happens then is that the differential

casing carrying the pinions will really move round at a speed inter-

mediate between the two. It will rotate faster than Bi, and so

the planet pinion AT will start rolling round Bi, though only com-
paratively slowly, for Bi is revolving too in the same direction,

though not so fast
;
the casing and planet pinion are only revolving

rather faster than it. The effect of this is that the pinion Ai in

rolling round the sun wheel revolves contra-clockwise.

Fig, 0 .—The parallel pinion differential. Ai
and A3 are the planet pinions

;
Bi and

B2 the sun wheels.
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Difference between Driving and Driven Differential.

Looking at the problem from one point of view, we may con-
sider that the contra-clockwise movement of pinion Ai, due to
the deceleration of the inner road wheel and sun wheel Bi, rotates

the pinion A3 in a clockwise direction, which has the effect of rotating

the outer sun wheel B2 in a .contra-clockwise direction. This fact

can be best realised in the mind’s eye by reference to fig. 6. But the
pinion A3, which is doing this, is itself revolving with the crown
wheel casing, and therefore by imparting additionally its own
rotation to the sun wheel B2, the latter is made to revolve in a contra-
clockwise direction faster than the crown wheel casing.

This is what happens when the engine is driving the road wheels
round a curve. If the vehicle is running free, however, the outer road
wheel tends to revolve faster than the crown wheel or the differential

casing : it is overrunning the casing in a contra-clockwise direction.

This would tend to rotate in a clockwise direction the pinion A3 as

it moved round with the casing, and seeing that the other pinion Ai
with which it is in mesh, moved by the other road wheel, is tendihg
to run in a contra-clockwise

direction, this is quite possible

for pinion A3. The amount it

rotates, and therefore the amount
by which B2 can overrun the
crown wheel casing, is settled by
the difference in resistance be-

tween the two road wheels, and
this in turn is settled by the
difference between the length of

ground traversed by each wheel,

as settled by the steering of the
vehicle.

Though seemingly a very complicated action, the broad principle

of the differential is very simple once it is grasped, and the various

illustrations given herewith should assist the reader in this operation.

A Differential Problem.
The differential presents some rather interesting problems,

however.
Sometimes we see a car with one wheel on a slippery part of

the road surface refusing to bite when the engine power is suddenly
applied

;
the wheel slips round without doing much to propel the

vehicle forward, and people are surprised to see the wheel on the

other side revolving in a reverse direction.

This reversal of rotation of one of the road wheels only occurs

when the propeller-shaft brake is applied with such force as to lock,

or nearly lock, the propeller-shaft, when one of the wheels at the

moment is on firm ground, and the other on a slippery surface.

What happens, then, is that the crown wheel and differential casing

is practically held up by the propeller-shaft driving pinion, which

Fig. 7.—To demonstrate ocularly how a driv-

ing and driven gear wheel revolve in

opposite directions.
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in turn is held up by the brake. The differential gear itself, as a
whole, cannot turn round, and if the sun wheels turn at all, they
will have to turn the pinions which are between them. But if

one sun wheel turns in one direction it is bound to rotate the pinions
so that they will turn the other sun wheel in the opposite direction :

it is a case of “ pull devil pull baker,” and the road wheel offering

the least resistance is turned by the wheel having the greater
grip. Referring back to fig. 2 then, supposing the road wheel con-
nected with sun wheel Bi is rotating in the direction of the arrow,

and comes on to a slippery part just when the gear brake is applied,

the differential casing, and with it the bearings of the planet pinions,

is held up by the brake so as to give fixed unmoving bearings in

which the planet pinions can revolve. The road wheels tend to
roll on anti-clockwise with the movement of the vehicle, but they
cannot both do so, for the pinions in between cannot revolve in two
directions at once. If the road wheel connected with sun wheel B2
has the greater grip, then it will turn the planet pinion Ai round
in the direction of the arrow, which will in turn rotate the sun wheel
Bi in the opposite direction to that shown by the arrow

;
in other

words, it will rotate it clockwise, and that is how we get our
reversal of rotation in the other road wheel.



CHAPTER X.

LUBRICATION

The Broad Principles of Lubrication.

THE need for lubrication applies alike to transmission and
engine. For practical purposes the principle of lubrication

may be summed up as the reduction of friction by intro-

ducing between moving surfaces of working £arts a thin
film of lubricant, having a far lower coefficient of friction than the
surfaces of those parts.

In the main, there are two sorts of movement of working sur-

faces to consider—reciprocating, or up and down straight line move-
ment, such as one gets at the cross-head, and rotational or part
rotational movement, like that of the crankshaft or of the small end

' of the connecting rod on the gudgeon pin—to give an example of

each sort of rotational motion.

Some Notes on Lubrication.

Provision is made for the lubrication of all the parts of the
engine that move relatively to each other, and of the transmission,

and for this purpose various types of lubricators are employed.
At the ordinary pin joints of the motion an oil hole, with generally

an oil groove cut in the pin, is quite sufficient if a drop of oil be
given to the joint before each day’s work. On the more important
bearings, such as the big ends, or eccentric straps, we have lubri-

cators comprising small oil reservoirs, which are often made in

one with the part they lubricate. Then, again, for some bearings,

such as the shackle pins for instance, we have lubricators filled

with grease and so made that the caps on them, when screwed down,
force the solid grease through passages to the bearing for which it is

intended. Finally, in the axle bearings, where all the weight falls

on the top side only, and consequently there is no need for a bearing
on the bottom half and the journal here is exposed, we may have
the underside of the journal running in lubricant, or kept lubricated
by woollen pads soaked in oil and held against its surface by
light coil springs. Finally, there are the piston and slide valves
to be considered, 'and for them oil has to be introduced into the
steam chest or cylinder and mixed with the steam.

A whole volume might be written on the theory of lubrication,

but space considerations in this case -do not admit of much theory ;

after all, for practical purposes, it is chiefly a question of common
sense. Assuming a suitable lubricant, lubrication is largely a matter
of ensuring its introduction between the moving surfaces, its proper
distribution over those surfaces, and the retention of it between
the surfaces, as long as its properties still render it useful.
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Notes on the Introduction of a Lubricant in a Rotating
Bearing.

In considering the lubrication arrangements of a bearing then,
we need first to place the lubricator in a position where the oil

can most easily be introduced. In some bearings lubricators are
fitted at the top when that is the very place whore the greatest
weight is taken, and, therefoie, where the pressure between the
two wearing surfaces is greatest and the lubrication consequently

most difficult to introduce. It is, of course,

not always possible to fit lubricators where
the bearing pressure is least, for this is often
at the side of the bearing, just at the place
where the brasses are halved, and thus even
if it were possible to obtain the advantages of

easily introducing the lubricant, this very fact

might lead to difficulties in retaining the lubri-

cant. Nevertheless, the principle, as explained
by fig. i, can be more or less completely
adopted. Obviously, if the load is applied at
the top of the bearing, at B, it is more easy
to introduce the lubricant at A than at B. But
the direction of rotation should also be fioted,

and the lubricator should be placed on the
side that will enable the shaft in its normal direction of rotation

to carry or “ stroke ” the lubricant along between the surfaces

to where the load is greatest.

Lubricators for Bearings.
The various parts of the motion that require a continuous

though moderate supply of oil are provided with lubricators from
which, in British practice, the oil is continuously delivered to the

bearings by the capillary action in worsted trimmings. These
trimmings are of two sorts—plug and tail trimmings—the former
for bearings that are moved rapidly, as, for instance, big ends,

the latter for lubricators fixed stationary on the engines, as for

example on guide bars.

The first variety are formed of worsted, twisted round soft copper
wire, which is formed with a loop that prevents the wire working
too far down the feed tube of the lubricator. As then the lubricator

moves, the oil is flung about, and that which falls on the worsted
is sucked in and passed along by the worsted to the bearing at a

speed dependent on the viscosity of the oil, the amount of worsted,

and the tightness of the trimming in the oil hole or tube. For the

stationary lubricator, the tail trimmings merely hang down into

the oil and suck it up, the amount of oil they deliver being dependent
on the same factors.

American Lubricators.
In America, lubricators of the first sort

(
i.e. t on violently moving

parts like big ends) are made with a lift needle valve, which, as the

B

Fig. i.—

E

xaggerated sec-

tional diagram explain-

ing the desirability of

introducing the lubri-

cant away from the

point where the load
falls on the bearing.
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lubricators are moved, tends to fly off its seating by centrifugal

^fction, allowing an opening to the feed tube through which the
oil flung about by the movement can enter.

The amount of this valve-lift is regulated
by a set screw in the lubricator cover
above the valve. It is important, how-
ever, that -the needles should be neither
too tight nor too loose a fit in the feed
tubes, for, if the former, insufficient oil will

be fed, if the latter too much. If used on
big ends, the material of which the needles
are made is also of importance, as some
steels are apt to “peel/' and the resultant

flakes of metal then work down the tube
and on to the bearings, to the great detri-

ment of the latter.

Oiling the Steam.—The Empire Co.*s

Lubricators.
The moving parts of the vehicle and

the engine motion, though requiring care-

ful lubrication, afford comparatively little

difficulty in this matter. The pistons

and slide valves moving under steam
pressure in the cylinders, however, offer a more difficult problem,

which is solved by mixing oil with the steam in the valve chests

Fig. 2.—A sectional view of

a needle valve lubricator

for moving bearings, such
as big-ends.

<bp@

Fig. 3.—The Victor Oil Pump

Sectional drawings on this and the following page show the internal mechanisms of the
Victor and Trusty self-contained positive action oil pumps. In each case a back
pressure valve F is fixed as near as possible to the point ultimately to be lubricated.

The lettering is explained in the text.
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or cylinders. This can be effected either by a displacement lubri-

cator, from which the oil can be drawn or forced by the pressure
of steam acting on an interposing cushion of condensed water, or
the steam can be lubricated by an automatic lubricator. On steam
road vehicles, the most generally used of these appliances are the
Victor and Trusty lubricators, of the Empire Engineering Company,
and the Manzel lubricator. Eigs. 3 and 4 show in section the two
former, both of which work on the same principle. In both, the
arm of lever A is connected to some point of the engine motion,
so that A is given a rocking movement, the angular extent of which
may vary from about io° to 6o°, according to the requirements of

the engine, which, generally speaking, are dependent on its speed :

the faster the engine runs the smaller the amount of angular move-
ment should be. This lever A is fitted with a ratchet, so that its

rocking movement imparts a circular motion to the shaft B, on
which is an eccentric shaped cam C. This eccentric moves in a
loop, or bridle, formed at one end of the pump plunger D, which
consequently is very gradually moved up and down by the eccentric

as the shaft B is slowly rotated. On the suction stroke then the
suction makes itself felt, and the little valve below the pump plunger
is lifted. Up to this point the action is the same in both Trusty
and Victor lubricators, but in th$ latter the suction then makes
itself felt along the diagonal passage and in the sight feed glass G,
and this suction consequently draws upwards oil through the sight

feed nozzle, whence it is drawn down the diagonal passage and past the

valve into the pump, and on the down stroke is forced to the engine
past the spring loaded non-return valve H,
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The Trusty Lubricator.
This model is somewhat simpler, merely drawing oil directly

from the container, which, as in the Victor, constitutes the main
body of the lubricator, and in this case is fitted with a circular sight

feed glass to show the level in the container.

In both these lubricators, container, valve box, and bearings for

the actuating mechanism are in a single casting, and, as the actuating
shaft is above the highest oil level, no stuffing boxes are necessary
to keep these bearings tight. The sectional drawings show that
both suction and delivery valves are in one and the same vertical

line, and can be taken out by the removal of one plug without dis-

turbing the delivery pipe line. Finally, all the mechanism, including
the ratchet, is enclosed against grit and wet.

The Manzel Lubricator.
The Manzel lubricator is shown in figs. 5 and 6, and, referring

to fig. 5, oil is contained in the body of the lubricator A. B is a
crank or lever arm capable of being oscillated through an angular

Fig. 5.—General arrangement of the Manzel lubricator. Lettering explained in text.

distance from io° as a minimum to 70° of travel as a maximum,
and this crank carries with it the pawl C. The arm B being con-
nected to some point on the engine motion then, each movement
of it on the working stroke of the pawl slightly rotates the ratchet
wheel D, which is mounted on the shaft E, shown in fig. 6, to which
we may now turn. This shaft passes into the body or container
of the lubricator, and on it is the eccentric F, which, as it rotates,
carries with it the yoke on the end of the plunger L. The latter
is connected with the lower plunger G, which draws oil from the
container through H past the ball check valve J, then, on its
delivery stroke, forces it upward past a ball valve into the sight
feed glass K, whence it falls to be dealt with by the second
plunger pump L, which delivers it at pressure past the vacuum
check valve M to the engine as required. Before reaching the pumps,
however, the oil is passed through a filter indicated at N, and the
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feed, which can be regulated while the pump is in operation, is

adjusted by the regulating nut O, that, when in its required position,

can be locked by the knurled nut P. For this device it is claimed
that the amount of. oil can be gauged from one drop every four

Fig. 6 .—The Manzel lubricator in section, with explanatory lettering referred to in text.

minutes to fifteen or eighteen at each stroke of the pump, the number
o

f
pump strokes relatively to engine revolution clearly depending

on the angular travel allowed to the rocking pawl lever B in fig. 5.

For use before starting, an attachment in the shape of a hand-
worked pawl Q (fig. 5) is provided, and this is useful also if it is

necessary to give the engine a flush of oil when running.

The Principle of the Displacement Lubricator.

The other alternative for lubricating the steam is the displace-

ment lubricator. One of these is shown in section by fig. 7. These
displacement cups are connected with the steam
pipe to the cylinders, but through a very, very
small hole. The cup A itself is closed in by a
screw cap B so as to be steam-tight. When
steam is turned on, therefore, it passes through
the very narrow opening at C through the tube
into the top of the cup. Here it condenses, and
the resultant water, being heavier than the oil,

sinks to the bottom of the cup, maintaining the
oil level with the top of the feed tube D, so that
it finds its way down the tube into the pipe.

The condensed water can, when necessary, be
drawn off by the stop valve at E.

Considerations of cost apart, the writer would
like to see a trial of a device like the de Limon
lubricator, in which steam from the boiler, by
pressing on a cushion of condensed water, forces

placement lubricator, the oil through a fine adjustment needle valve

are
e

dea
f

it

r

\Sth in^the and past the sight feed glass to the cylinders and
letterpress. valves—one needle valve and sight feed for the

Fig. 7.—A section to ex-
plain the principle of

working of the dis-
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slide valves, another for the cylinders. If the stop valve of a
lubricator on these lines were connected up with the engine
steam pipe, its working would automatically cease with stoppage
of the engine, and though such an arrangement might lead to an
undue amount of water condensation, this does not appear to offer

an insuperable difficulty
;

at the worst it could be run off from
time to time, which would be a lesser evil than the risk of wasting
oil into the cylinders when the engine was shut off. If much work
had to be performed with the auxiliary valve open, and live steam
admitted directly to the low pressure cylinder, then also a displace-

ment lubricator supplying directly to the low pressure cylinder might be
worth consideration, though the double high pressure valve, of course,

should really not be in such frequent use as to call for such fitments.

Finally, wherever the lubricant is required, I would advocate
the user getting in touch with some reliable firm of specialists in

lubricant, and, after stating requirements, abiding by their advice,

and leaving the firm to justify that advice by results.



CHAPTER XI.

SOME NOTES ON SLIDE VALVES.

The Slide Valve Mounting on its Rod.

B
EFORE going further, although in the preceding diagrams an

ordinary D type of valve has been shown, it is necessary
to have a general idea of the arrangements of slide valves,

to appreciate their working.
Various types of slide valves are used on steam road vehicles,

and in forming an opinion on their merits there are certain broad
principles to be considered.

The most generally used variety of slide valve is of the ordinary
D type—that is to say, it is like an inverted box without the lid,

and with the edges of the ends turned outwards to form the laps of

the valve, the whole being so proportioned relatively to the cylinder

ports as to give admission and exhaust to steam when and to the
extent required, on the lines with which even a novice reader of

this book will have become already familiar by previous explana-
tion and diagrams.

If the slide valve were made in one with the valve spindle,

or secured rigidly to it, the valve spindle and gland would have
to be so positioned as to bring the valve face exactly so that it

could bear on the port faces, but as the valve face gradually wore
thinner, the alignment of valve spindle, that was suitable enough
for the valve when new, would be too far away from the port faces

to bring the worn face of the valve up against them. Consequently
the slide valve has to be held to its spindle or rod so that it is free

to move independently of the valve spindle towards, or away from, the
port faces. At the same time it must irfove absolutely with the
valve spindle in a to and fro direction, if the movement of the valve
motion is to be imparted to the valve with any accuracy.

Attachment of Rod to Valve.

To attain this end then, the valve rod may fit into a trough
or groove formed in the casting of the valve, pn the lines explained
by fig. i, from which it will be seen that the slide valve is free to

move towards or from the port faces, collars or nuts on the valve
spindle being so placed that, while they allow the slide valve move-
ment in this direction, they ensure the valve moving to and fro

along the port faces as part and parcel of the valve rod. Though
this effect can be obtained by collars formed on the valve rod, to

afford adjustment of valve position for convenience of setting,

these shoulders are more commonly afforded by nuts screwed on
to the valve rod.
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Another very general method to give the same mechanical
effect is obtained by forming the valve rod with a buckle, in which
the slide valve is carried so that it is free to move in the buckle
at right angles to the valve travel, but the buckle ensures its travel-

ling with the valve spindle. This arrangement is indicated in fig. 2.

Fig. i.—The arrangement by which the slide valve is held to the valve rod by nuts, and
lock nuts at each end of the valve. It is so positioned that while the valve is free to

move towards and away from its seating, it has to move longitudinally with the rod.

Steam Pressure on Slide Valves.

Now this inverted box form of valve slides up and down
against the port faces, up to which it is held by the pressure of

steam ; but unless the valve is up against the port faces when the
steam first enters the steam chest, the steam pressure might get
equally on both sides of the valve, in which case the valve would
be no more on its seating than before the throttle was open, and
as steam would be equally free to get to either end of the cylinder

and up the exhaust, the eilgine would not go.

Fig. 2.—Another arrangement, in

plan, side elevation, and
section, for securing the slide

valve to the valve rod so that
the former is free to move
on or off its seating.

If the steam chest is above the cylinder, the slide valve tends

to drop in its buckle on the port faces, and thus, when steam is

turned on, it is already in position to obviate the trouble just men-
tioned

; but if it is to the side of or underneath the cylinder, it

sometimes has to be held up normally against the port faces by
small springs, usually of the coil variety.
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The Reason for Balanced Slide Valves.
But when we have the full pressure of the boiler in the steam

chest, and the slide valve at work sliding up and down under that
pressure, it will be easily recognised that the valve is being pressed
very hard against the surfaces along which it is sliding

;
it is as

though it were carrying a great weight all the time; and though
most of the time, against this steam chest pressure we may set off

the pressure of the steam in the cylinder or exhaust, the latter

is not only in general very much lower, but even then is only locally

and intermittently applied at different parts of the valve. To
be on the -safe side' then, considering only the steam chest pressure

on a valve of 10 sq. in. area, we should have the slide valve working
under a total pressure of about 1,800 lb., assuming the steam chest

pressure to be 180 lb. to the square inch. While such a pressure

naturally forces the slide valve very tightly down on the port faces,

and in this respect is a valuable asset, it nevertheless means a great

deal of friction, much of which may be considered unnecessary.

Such a big pressure should not be necessary to keep a little slide

valve steam-tight, and
for this reason some
engineers employ the
balanced valve in
which the steam pres-

sure is more or less pre-

vented from pressing

on the valve, merelyby
making the outside of

the valve, on which
that pressure would
nominally act, also

slide steam-tightly

against another surface
in the steam chest.

A Balanced Valve
Explained.
This is explained

by fig. 3, which shows
the type of valve used
on the earlier National
cars. A is the slide

valve, B are the port
faces against which
it must slide steam-tight, and the steam pressure in the chest is

prevented from bearing on the outer side of the valve by covering
it over against steam pressure by a plate C, that, under the action

of a coil spring D, is capable of vertical play in a recess of

the steam chest, which it covers so that no serious steam pressure

can get behind it. Thus the outside of the valve is relieved of

steam pressure, but since the pressure of the steam in the chest
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must necessarily bear upwards against the relief plate C, the latter

is held tightly against the back of the valve by the coil spring D,
which is sufficiently powerful to balance the steam pressure, and at
the same time affords a means of taking up wear on the slide valve
surfaces. The design embodies other refinements, but a brief

description of it best explains the principle of the balanced valve.

The balancing is merely a matter of degree ;
in any case sufficient

pressure must be exerted on the valve to ensure that it slides

steam-tight against the port faces, and in some valves this pressure
is afforded by allowing the steam to exert its pressure on part of

the outer valve surfaces, the area being determined by the design,

according to the pressure required.

Piston Valves.
There is yet another way of dealing with the relief of this steam

chest pressure, and that is by making the valve cylindrical so that
the pressure is exerted
equally all round the
valve, and tends no
more to press it against
the port faces than it

does away from them.
In such cases a steam-
tight fit between slide

valve and port faces

must be maintained
by piston rings, and
although these are ad-
mirably suited to the
shape of the valves, in

the early days of the
piston valve some diffi-

culty was experienced
in certain cases to en-

sure that the rings did
not catch against the
edges of the ports and

get broken. This difficulty, however, especially’on small engines, is not
a serious one, and can fairly be overcome, as indeed it is in the Garrett
vehicles, the general cylinder arrangement of which is seen in fig. 4.

In this case I believe that the main reason for the use of piston

valves is not so much to avoid the steam pressure and consequent
friction of the ordinary D valve, as the fact that the piston valve
is particularly well suited to the high temperature superheated
steam often used on these vehicles. Indeed, though the ordinary
D valve has the advantage of simplicity, is known to every driver,

and gives splendid results with ordinary saturated steam at any
reasonable pressure, experience has shown that, with extremely
high temperatures or pressures, it is best to modify its design or

to adopt piston valves, since the surfaces of the ordinary D valve
get badly cut under these conditions.

Fig. 4.—A section showing the arrangement of piston valves
in the engines of the Garrett steam waggons.
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These views are rather borne out in the latest National engines,

which, using highly superheated steam, have piston valves for the
high-pressure cylinders where the temperatures and pressures are

great, but D valves for the low pressures, which do not involve

such severe conditions in these respects.

Port Clearance Spaces.

There is another point calling for attention in valve design.

In the preceding diagrams (as, for instance, fig. I, Chapter V.),

sections of a very ordinary form of cylinder and steam chest have
been exemplified. In these the steam ports are of considerable

length and capable of holding a good deal of steam. Now it is

obvious that only the steam actually in the cylinder barrel and
pressing on the piston is doing directly useful work : that in the
steam ports serves to fill up the space and so to prevent the pressure

in the cylinder as a whole from falling, but nothing more. As far

as useful work is concerned,
the steam in the port spaces
is wasted, for it passes out
into the exhaust with the rest.

The amount thus wasted on
each stroke is, of course, in-

considerable, but in an engine
making anything from 200 to,

say, 1,200 strokes a minute
the loss becomes considerable
in the aggregate of working
hour after hour. To reduce
the waste, the obvious remedy
is to make these unprofit-

they cannot be reduced in

sectional area, if they are to allow an adequate flow of steam,
clearly the only course is to make them shorter. How this can be
done is explained by fig. 5, which roughly represents in section the
slide valve arrangement employed on the Allchin vehicles, in which
the slide valve is made long enough to reach nearly to the end of

the steam chest, and thus the steam ports are much shortened.

In this design the exhaust ports are doubled, and so the arrange-
ment involves what is known as a long double D slide valve.

This matter of reducing the port clearance spaces is one receiv-

ing increasing attention from designers at present, and is also to

be noted in other vehicles, as, for instance, in the latest Yorkshire
waggons (see fig. 11, page 66). It is certainly an important point,

for the ports and slide valves constitute the most important and
sensitive parts of the whole engine, and on them more than any
other part does efficient working depend.

Fig. 5.—How the unprofitable clearance spaces
of the steam ports are reduced in the Allchin
engines by the use of a long double ported
D slide valve.

able port spaces smaller ; and as
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THE GENERAL ARRANGEMENT OF ENGINES.

A Single Eccentric with Fixed Cuf>off.

T
HE valve gears already mentioned are those used on existing

vehicles with boilers of large enough capacity to “ keep in

stock,” so to speak, a sufficient supply of steam for all

imrq^diate demands ; but in the National chassis the problem
of design has been approached from a rather different standpoint.
In the latest of these machines the object has been to provide a
power unit which can be handled by anyone acquainted with petrol

car driving, and one, too, which can be fitted to existing petrol

chassis. Consequently a reversing valve gear is not required : the
reverse is provided in the chassis transmission. This, though it

has its drawbacks, also has its advantages, for while the ordinary
reverse eccentric is in movement, and consequently subjected to
wear all the time that the car is running, it is in useful operation
for only the merest fraction of the actual running time.

But with an ordinary eccentric motion the absence of reverse

means also the absence of power to vary the cut off as required.

In the National vehicles this latter is not required, because, to
enable the steam production to be regulated automatically to the
engine's requirements, and for other reasons, the boiler is of so much
smaller capacity than others (see page 34) that steam is only
generated to immediate requirements : when the engine is run
faster or^more slowly, so the pump is worked faster or slower, and
so more or less water is injected into the boiler, where, owing to
the great heating surface and high temperature, it is almost imme-
diately converted into steam and drawn off to the engine.

In some cars, steam is generated even more rapidly by forcing

the water into a red-hot coil of thick solid cold-drawn steel tube
(which practically constitutes the boiler), 1where it is almost in-

stantaneously turned into steam. Thus the steam supply to the
engine is immediately proportionate to the water delivered by the
pump, and steam pressure can be controlled directly by regulating
the pump delivery to the generator. Boilers on these lines are called
" flash ” boilers, because the water is instantaneously “ flashed

”

into steam, while generators on the lines of the National cars are

termed “ semi-flash.” Both embody the same principle : it is only
a matter of degree. The point about both is that' the water pump
must be regarded as essentially part of the engine—just as much so
as the fuel pumps in a Diesel engine : if the pump were to cease
working, the engine would almost immediately stop, whereas with
an ordinary large capacity boilered steamer the engine can, and
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often does, run quite long periods without working the pump

;

indeed, some have no pump at all, relying solely on injectors. The
two systems of steam production are quite distinct : the one may
be compared to a gas works with a continuous output stored till

needed, while the other is like an electricity works, without storage
batteries, producing output to the requirements of the moment.

Accordingly, in these flash and semi-flash systems of generation,
the regulation of the steam in the cylinders is effected by the control
of the steam production in the boiler, and the necessary expansion
is ensured by the valves closing at a fixed point before the piston
has reached the end .of its stroke : in the National engine, further
expansion is obtained by compounding. Under these circumstances
it is clear that there is no need for anything but a simple single

eccentric designed to cut off steam at a fixed and unvatying point
in the piston stroke.

This engine also calls for remark for another reason : in the
first place, its high and low-pressure cylinders are arranged tandem,

Fig. i.—Sectional end and side views of the latest type National engine. It is compound,
with two pairs of tandem cylinders arranged at V angle.

with the effort of both pistons acting on the same connecting rod,

and the two pairs of cylinders are arranged V wise so as both to

work on the same crank pin. As the only one of its type, it is

illustrated by the drawing in fig. i, which explains the relative

positioning of the two pairs of cylinders, and of the high pressures

above the low pressures : the section of the pair on the left is taken
through the cylinders themselves, that on the right through the

valve chests, showing the general arrangement of the slide valves.

Ordinary Compound Engines.
The ordinary arrangement of compound engines, with high and

low-pressure cylinders side by side, needs no description. The only
way in which their general arrangement varies is in the positions

of the slide valves: in some engines they are above the cylinders,

in othersi at the side, where they are perhaps rather more accessible.
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Under-type Engines.

The engines of under-type waggons, as distinct from those of

the loco, type, are, generally speaking, not compound. The Atkin-
son, Leyland, and Sentinel all have two high-pressure cylinders

Fig. 2.—Side and plan sectional viewsjsxplaining the general arrangement of the Sentinel

engine and its valve actuating mechanism.

placed side by side, but as they use superheated steam they are

fitted with lift valves actuated by bevel-driven camshafts. Their
general arrangement is well shown in figs. 2 and 3, which represent

HORIZONTAL SECTION OF THE PATENT

"SENTINEL” ENGINE, SHOWING CAM SHAFT DRIVE

VERTICAL SECTIONS THROUGH CYLINDER AND FEED PUMP OF

THE PATENT "SENTINEL" ENGINE, SHOWING VALVE GEAR AND HOW
THE CYLINDERS ARE AUTOMATICALLY DRAINED
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respectively the Sentinel and Leyland engines, the former also
including the transmission casing with* which it is incorporated.
In|this engine a shaft A is gear driven from the crankshaft at engine
speed, and through bevel gearing turns the camshaft G at the same
speed. This camshaft is carried centrally along the tops of the

Fig. 3.—The!) Leyland engine, showing the valve motion.fT The cover over the valves is re-

moved, but when working the cams and rockers are enclosed and run in oil.

cylinders, where sliding cams (to give variable cut off) operate
rocking levers, which in turn lift the valves, the rockers having
rollers pressing against the cams.

The Sentinel engine, seen in fig. 2, also has a bevel-driven
camshaft, but this is driven direct from the crankshaft (at engine
speed) by a longitudinal bevel shaft, and lies across the cylinders,

underneath. On this, too, sliding cams are employed.

Fig. 4.—On the Atkinson vehicles steam is regulated to and from the engine
cylinders by ball valve like that shown in the above sectional drawing.

On the Atkinson waggon the general arrangement is very
similar, the chief difference lying in the type of valve, for here a
ball valve is employed. This is free to roll as it lifts, and so different

parts of it are constantly coming in contact with the seating. Con-
sequently the valve, being a perfect sphere, tends to keep the seat-

ing true.



CHAPTER XIII.

A CONSIDERATION OF CERTAIN ENGINE DETAILS.

Glands and Gland Packings.

TO enable the piston and valve rods to slide in and out of the
cylinder, and yet prevent steam from leaking along them
past the hole through which they project, stuffing boxes are
fitted, in which is contained packing that is forced tightly all

around the piston or valve rod by the longitudinal movement of
glands, which are forcibly drawn into the stuffing box by screw
action. As the inner end of the stuffing box and the end of the
gland that bears on the packing are cut in section at an angle of
about 45

0
,
this longitudinal movement clearly tends to force the

packing on to the rod all round it. This effect can either be obtained

Fig. i.—

S

ection of a gland packed Fig. 2.—Section of a gland fitted with
with hemp. metallic packing, which is indi-

cated at A.

by hemp packing, which is made up in rectangular section lengths, as

in fig. 1, or by metallic packing, the principle of the action in this case

being explained by fig. 2, the anti-friction metallic packing segments A
being forced around the rod on the inclined plane principle, in just

the same way as is the hemp packing. On small engines like those
of road vehicles hemp packing is generally employed, and for work
on the road it offers an advantage in that it can be substituted by a
number of makeshift materials on emergency.

To tighten up the gland, the latter is made usually with
flanges drilled with holes through which pass studs tapped into the
main cylinder casting ; the gland can then be drawn up by nuts
screwing on these studs and pressing on the gland flange. On
glands of any size this form of construction is very generally adopted,
but on smaller glands, as, for example, those of pumps, the stuffing

box may be screwed externally, and the gland, threaded internally,

screwed on or into it, as in fig. 3.
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Piston Ring Joints.

In a volume such as this,, there is no need to explain how, as

they slide up and down in their cylinders, the pistons, or piston
valves, are kept steam tight by split cast-iron rings, fitted in grooves

turned on the piston, so that
the rings spring outwards

; but
attention may be called to one
point. Generally at the joint

the ring is cut across diagon-
ally, as in fig. 4, in which case

care must be taken that the
joints of the two or more rings

on the piston are not placed in

line with each other, but as

far as possible diametrically

opposite each other, so as to
render any leakage of the
.steam past them as difficult

and long as possible.
To ensure a greater steam tightness, the joint is sometimes made

stepped, as in fig. 5, and this undoubtedly does answer the purpose,
but, though well proportioned rings of 'this design have proved
admirably suited to internal combustion engines, for steam engines,
in my experience at any rate, they show a tendency—even in well
proportioned rings—to fracture from the re-entrant angle • at A
owing to the action of the water and rust

;
and this tendency may

be more evident if" -the engine is laid out of 'Commission for any
considerable periods. The trouble may be overcome, however, by
rounding these corners and the steps that fit into them.

? Q==5i
Fig. 4.—The ordinary diagonal joint Fig. 5.—The stepped type of joint some-

employed on piston rmgs. times used for piston rings.

Some Points concerning the Motion.
Within the space at our disposal it is not practicable to deal

with all the variety of design and multitudinous detail of different

makes of ‘vehicle, but in considering an engine there are certain

broad principles which can be applied generally to all alike.

In the first place, the gudgeon pin in the small end of the con-

necting rod must be firmly fixed either in the crosshead or in the
connecting rod, and the former arrangement generally lends itself

best to most designs. The gudgeon pin must not be free to revolve in

both crosshead and connecting rod small eild, and is generally pre-

vented from doing so by fitting it into the crosshead on one side with
a taper, into which the gudgeon pin is forced tightly by being pulled

up by a massive nut on the end of it. Thus it is held tightly, much
on the principle of the Morse taper with which twist drills are used.

Fig. 3.—For some small rods the gland, instead
of being drawn up with nuts on studs, is

screwed up along toe stuffing box.
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Fig. 6.—Connecting rod big end of

the marine type, generally em-
ployed on enclosed engines.

Connecting Rod Big Ends.

There are, roughly speaking, two sorts of connecting rod big
ends, which may be classified as the marine and locomotive types.

The marine type is sufficiently

explained by fig. 6, and is familiar
to many in the petrol engine. It

forms an admirably simple type, which
can be quickly adjusted' by com-
paratively easy means, but requires
some width of crank pin journal for
the design to be at its best, and for
many road vehicle engines, especially
of the overhead and unenclosed types,
the width of crank pin available is

often hardly sufficient to render it

quite as desirable as the locomotive
type illustrated in fig. 7. In this the two half-brasses surrounding
the crank pin are formed with flanges on either side, and held in
position between the extended jaws of

the rod big end, between the extensions
of which is a block retaining the bear-
ings within the big end. This block
is held in position by a bolt which
grips the extended jaws of the rod
together so that the block is tightly

held. Finally, in a groove on the inner
end of the block is a taper cotter, the
taper side of which presses against a
plate interposed between it and the
bearing. Thus by knocking the cotter

downwards this plate may be made
to press the outer half bearing against
the other half, and so take up wear.
The cotter is secured in its place by a small set screw, and a little

split cotter passing through it at its lower end.

Another form of the same prin-

ciple is seen in fig. 8, in which the
taper cotter can be adjusted and held

.

in position by a set pin and lock nuts.

This is a type of big end frequently
found on stationary engines, and, in

my opinion, it is hard to beat for all-

round effectiveness.

The pins of all the joints of the
motion should be hardened and ground,
and the links at the part into which the
pins fit should be either bushed or

made with sufficient substance to
admit of their being bushed when repair requirements demand.

Fig. 7.—Connecting rod big end of
the locomotive type. This is

the type most generally seen in
overhead steam waggons and
tractors.

Fig. 8.—Connecting rod big ends of

this style (frequently seen in large

stationary engines) have much to
recommend them for ease of

adjustment. *
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Fig. 9.—Crosshead and guides, showing
adjustment for wear.

Crossheads.
Crosshead and guides are important parts, because if the two

are out of mutual alignment the working of the whole engine may
be seriously affected : much unnecessary friction may be caused
by this defect.

Broadly speaking, the combination may be either of two distinct

types, in one of which the guides are of ordinary bar form (usually

of forged steel or wrought iron worked up under the hammer from
best selected scrap), while in the
other the guide takes the form of

a single cylindrical casting of the
type familiar on many stationary

gas and oil engines.

In the former variety of con-
struction two bars— one above,
the other below the crosshead

—

are generally employed on road
vehicles. An example is indicated

by fig. 9. The general form of

crosshead is seen between the bars. Usually in these constructions,
when wear takes place between the sliding surfaces, the resulting

play is taken up by adjusting the bars to the crosshead. The former
at each end are carried on brackets A, but interposed between them
and the bracket thicknesses of thin sheet metal packing B can be
placed. It matters not whether the bars are placed between the
brackets or vice versa : in the former case (as illustrated) additional
packing only has to be added, in the latter a thickness or two has
to be removed.

With a trunk guide the crosshead is usually majje adjustable.
This is effected on the lines explained by fig. 10. In this the body
of the crosshead practically constitutes only a socket for the piston
rod, and the two crosshead sides

which afford the bearings for the
gudgeon pin. The edges of these
two sides—top and bottom— are
inclined, and constitute slides, along
which the slipper blocks, that take
the actual wear of the sliding in

the guides, can be adjusted. As
these slipper blocks are made cor-

respondingly tapered, or wedge-
shaped, it is obvious that, as they are moved forwards or back-
wards, so they will move further inwards to or outwards from the
centre line of the crosshead. This movement is controlled by the
nuts and bolts A which hold them in place.

If one or more of the washers seen at B in the lower sectional

half of the drawing are removed, and the nuts are tightened up.

the bolt pulling on the lug formed in one with the slipper will pull

the latter from right to left, and the slipper will thereby be moved
so that its rubbing surfaces are brought further outwards from the

Fig. 10.—Drawing and part section

of the trunk type crosshead,
showing adjustment for wear.
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axis line of the piston rod, and thus any slack in the cylindrical

guides is taken up. The crosshead is thus, in fact, virtually expanded
to fit the worn guide.

i

A Point in Crosshead and Guide . Wear.
Both these arrangements allow of independent adjustment top

and bottom, and this is very necessary, because wear is not equal.

To understand the reason for this fact it is necessary to appreciate

the cause of wear on crossheads and guides. If the whole connecting
rod merely moved in and out in a straight line, like the piston rod,

the only wear would be due to the weight of connecting rod and
crosshead, and would be inconsiderable. But at its big end the

connecting rod is constantly swinging first to one side then to the

other of the axial line of the engine. Take the case of an engine
running in a clockwise direction to drive the vehicle forward. On
the outward stroke the steam exerts a push on the piston rod in

the direction of arrow i in fig. n, while the resistance of the crank-
shaft to turning is transmitted along the connecting rod in the
direction of arrow 2. Both these forces then act on the crosshead.

Figs, ii and 12.—The inward and outward stroke, showing that
in both the wear comes on the same guide.

and it is easy to see that the thrust of the connecting rod exerts
a certain amount of downward pressure in the direction of arrow 3.

On the outward stroke, then, the pressure and wear falls on the
lower surface of the crosshead and the lower guide. On the inward
stroke the piston rod is, of course, transmitting a pull in the direction
of arrow 1 in fig. 12, while the resistance of the crank is also trans-
mitted as a pull along the connecting rod, as indicated by arrow 2

of the same figure. It is clear that here the tendency is to pull
connecting and piston rods out into a straight line, and it is again
easy to .see that in this case too the pressure falls on the lower
crosshead surface and guide bar. Thus with an engine running
clockwise the wear falls on the lower surfaces both on outwards
and inwards strokes. Similarly it can be shown that in an engine
running contra-clockwise the wear falls on the upper guide and
crosshead surfaces. Seeing, then, that only the merest fraction of
an engine's running is done in reverse or back gear, it is very
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evident that the position of greatest crosshead and guide wear will

depend on the direction of crankshaft rotation.

Latest Improvements in Engine Motion.
On over-type waggons, the engine motion is much the same as was

used for engines forty and more years ago. Excellently well though
it has answered, there seems at the present time a tendency to seek
improvements. For instance, on the crankshaft of the Fansomes
steam waggon, a flywheel is fitted at each end, which ought cer-

tainly to contribute to steadier running, lighter wear on the bearings,

and possibly in some cases better maintenance of alignment. Then*
too, after some two or three years' severe trial, roller bearing eccentrics

are being fitted on the Foden engine, and, before long, we shall

see over-type waggons with all the engine motion working in a dust-

proof oil-bath casing. Hitherto the Wallis and Steevens has been
the only steam machine adopting this principle, though the advantages
of dust exclusion and simplified lubrication are apparent and con-

siderable : it is not every driver who can ensure that the adjust-

ment of his worsted trimmings shall pass just enough oil to keep
the bearings cool, yet not enough to splash the driver, alike in hot
and cold weather.



CHAPTER XIV.

Fig. i. The Sentinel waggon affords the simplest of all steam waggon transmission. In
this the large slow speed engine drives directly to the back axle, through the single
reduction of the chain.

chain drive affords the opportunity of a reduction, and advantage
is taken of it accordingly. The driving sprocket on the engine
crankshaft has eight teeth, the chain crown wheel on the back axle
thirty-three teeth, so that it takes 4J- full turns of the sprocket
to rotate the back axle once. Since you cannot put a crank in
\*our axle, as on a locomotive, a transmission of some sort has to be
used, and it is just as well to take advantage of its gear reducing
possibilities

;
if not—if the engine crankshaft revolved at the same

speed as the back axle—a very large engine would be required,
and it would have to run at such slow speed that its driving would

TRANSMISSIONS : TWO, THREE, AND FOUR-SHAFT
SYSTEMS.

Practical Transmissions.

H AVING now given a general view of the main theories under-

lying the steam road vehicle, let us turn to actual practice

to see how those theories are carried out. We have dealt

with the theory of the transmission
;

let us investigate the

practice of it.

The Simplest, or Two-shaft.
Undoubtedly the simplest form is that of which the Sentinel

is the prototype, for in this, as also in the Atkinson, the engine
drives merely by a single chain directly to the live back axle. This



128 STEAM ROAD VEHICLES .

be far from easy. But since advantage is taken of the trans-

mission to effect gear reduction, a much smaller engine running
at a reasonable speed can be employed, and with the reduction
afforded by the chain the engine is running at 150 revolutions a
minute when it is driving a steel-tyred vehicle at five miles an hour.

Yet, though the engine is far smaller than would be possible

if it drove the back axle without any gear reduction, it is still, as

engines on these vehicles go, of large type, and is therefore able to

run at comparatively low speeds ;
in fact, great power and slow

engine speed is one of the underlying features of its design. This
big engine power affords such a large margin, that there is really

Fig. 2.—The obviously simplest form of change speed gear would be that shown diagram-
matically above, with both gears on one sleeve and operated by one lever. This style

of arrangement, however, involves too much unsupported overhang of shafts.

no need for gear reduction for emergencies requiring extra power
;

there is no need to convert the slow speed power, as we will call it,

of the engine into power at a higher rate of speed by driving through

a lower gear, involving a greater number of engine revolutions for each

turn of the road wheels. Consequently there is no change of gear

as in most vehicles ; the engine drives directly through that one

chain transmission alone, and the variable working of the engine

supplies any extra power required. This simplifies things immensely.

The drive is just like that of a single gear bicycle, except that

in the latter case the transmission is geared up so that the driven



3-—The Foden steam waggon affords a typical example of the three-shaft chain-driven
type of transmission found on waggons of the overhead or loco. type. A is the high speed
pinion on the crankshaft, the low speed pinion B being just visible behind it. C is the
high speed second motion shaft gear wheel, D the low speed gear wheel, and E the
chain sprocket of the final chain drive.

increase the mean effective pressure on the pistons. In the smaller
higher speed engine the power does not cover such a wide range,
and so, beyond a point, instead of increasing the pressure on the
pistons, we increase the engine speed by changing down to a lower
gear, which will give a mechanical advantage in turning the road
wheels round, so that the engine can be run at a higher speed against
the lesser resistance of the low gear. Since the power of an engine
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road wheel makes more revolutions in a given time than the driving

cranks, whereas in the Sentinel transmission the gearing is down ;

the crankshaft makes more revolutions than the driven road wheel.

inree~shaft Transmissions.

We come now to the next stage of transmission development,
to suit the case of a less powerful but higher speed type of engine,

which with its smaller pistons, and consequently smaller turning
effort on the crankshaft, has not the same range of power as the
Sentinel type of waggon. In the Sentinel we can open the regulator

wider, or work with a bigger cut off, or both
;

in any case, we can

1
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depends on its capacity for doing work, and since work means the exer-
cising of a force through a distance, it follows then that, if we keep
the force the same, the greater the distance through which that
force is exercised, the greater the power of, or work performed by,
the engine. Supposing the car finds a hill too much for it on top
gear, the engine would run more and more slowly. This would mean
that it did less and less work, and would develop less and less horse-
power, until finally, when the engine was brought to a stand, it

would be developing no horse-power at all. It is obvious then that,

if an engine like this is to maintain its power, it must maintain its

speed, and to do this, as the vehicle itself slows down going up the
hill, the engine must be changed on to a lower gear, enabling it to
run at more revolutions to each turn of the road wheels. Thus,
even if the road wheels revolve more slowly, the engine need revolve
no more slowly than when the car was running in top gear on the
level. In such an engine we must make up in speed, if we have not
got sufficient margin for direct turning effort, and to do this we
must introduce a change of gear.

For Higher Speeds and Lower Gears.
We come then to a transmission to suit the needs of a less

powerful but higher speed type of engine, without the same margin
of power as in the Sentinel. This means the introduction of another
shaft between engine crankshaft and live axle. Accordingly there
are two pinions on the engine -shaft, driving either of two com-
paratively large gear wheels on this second motion shaft, on which
also is mounted a gear wheel, from which the power is transmitted
to the crown wheel on the differential casing of the live back axle.

In a loco, or over-type steam waggon, with the back axle necessarily

some way behind the engine and countershaft, the latter drives the
axle by a chain, but in the tractor it can drive by a pinion in mesh
with a large gear ring mounted on the differential casing, the gear
ring amounting to a crown wheel. Among tractors there are notable
exceptions to this, however, in the Tasker and Foden tractors,

the reason for which we shall see later. Now there are two pinions

on the crankshaft, and two gear wheels on the second motion shaft.

The pinions on the crankshaft are mounted on a sleeve capable of

being slid along the shaft by a lever, which holds them in position

when either the one pinion or the other is in full mesh with the gear
which it drives, and these pinions are placed on their sliding sleeve at

sufficient distance apart, so that they cannot both be in mesh with
their respective gears at the same time : if they were, the engine would
be suddenly called upon to drive the countershaft simultaneously at

%

two different speeds, which is impossible. The pinion for the high

speed is, of course, the larger, the low gear pinion the smaller, the

high speed driven wheel consequently being correspondingly the
smaller, and the low gear wheel the larger

;
consequently with the

former, to turn round the second motion shaft involves fewer re-

volutions of the engine crankshaft than are necessary when driving

the larger gear wheel through the smaller pinion for the low speed.
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This arrangement of gear, in one form or another, is more
generally employed than any other, for it is the arrangement common
on nearly all tractors and waggons of the locomotive or over-
head type.

The Difference between Gear and Chain Drive*

Most tractors, with the exception of the chain-driven machines
mentioned, being gear-driven, the engine has to run in the reverse

direction to that of a steam waggon,' because with a chain drive

Fig. 4 .—Showing the Burrell double chain drive. In this the differential is on the counter-
shaft, and the back wheels rotate on a fixed axle.

the driven wheel runs in the same direction as the driver, whereas
in a gear drive the driven wheel runs in the opposite direction

of rotation to that of the driver.

Tractors with this form of transmission are known as three-

shaft tractors, but sometimes, though less commonly, a tractor is

designed as a four-shaft machine, although for the most part the
four-shaft principle is used for traction engines.
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The Balance Gear on the Countershaft.

We find, however, on Burrell vehicles a slight modification of

the usual arrangement, for the balance gear, instead of being mounted
on the back axle, is located on the countershaft, and the two road
wheels accordingly revolve on a solid fixed axle. Consequently each
road wheel has to be driven independently, and therefore the counter-
shaft has to carry pinions or chain sprockets at both ends to drive
each road wheel independently, or as independently as the regulation

of the balance gear
will allow. The term
M pinions or sprockets

”

has been used because
the firm adopted this

principle of transmis-
sion both in their

tractors and steam
waggons, and the
former are gear-

driven, the latter
chain-driven.

«

Pinion Arrangements.

Sliding One in the

Other.

Fig. 5 gives one
modification of the

simple arrangement
indicated in fig. 2. In
this the larger, or high
speed pinion, is in

mesh with its corre-

sponding gear on the

second motion shaft,

and this larger pinion

is made hollow, so

that the smaller low
speed pinion can be
(and has been in the
illustration) slid inside

of it. By this arrange-

ment the drive is

taken at a point on
the crankshaft close

up to the bearings, and great overhang is avoided. Consequently
there are two sleeves and two sets of collars for the two striking

forks, which are necessary to operate such a gear, the smaller low
speed pinion being mounted on a sliding sleeve passing through
the high speed pinion sleeve and operated by the outer striking

fork. The high speed pinion slides along the sleeve of the low

Fig. 5.—A three-shaft transmission as employed on tractors.

In this A is the crankshaft, B the second motion shaft,

C the high speed pinion, D the low speed pinion sliding

into C, E the high speed second motion gear wheel, F
the low speed second motion gear wheel, G is the driving
pinion of the second motion shaft, and H the gear wheel
mounted on the differential of the back axle. In an
overhead steam waggon the wheels G and H are substi-

tuted by a sprocket and chain wheel.
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speed, and is operated by the inner striking fork. Now, such an
arrangement is very compact as far as the gears are concerned,
enabling them all to lie fairly near the frames or horn plates (which
are often formed by the side plates of the external fire-box extended
upwards above the boiler), but it involves such h large diameter
high speed pinion as to give a most undesirably large high gear ratio.

The arrangement, too, of having one gear mounted on another is

objectionable, for the high gear stands the possibility of being
affected, not only by any play in crankshaft bearings and its own
sleeve, but by any play on the low gear sleeve.

Why the Obviously Simplest Arrangement is Impossible.

The simpler alternative given in fig. 2 would mean that the
countershaft gears would have to stand some way off the frames
or horn plates (and this is a consideration, especially on a tractor

where space is limited), and that both pinions at least, when
at work, would be at some distance beyond the crankshaft bearing,

though this objection could be partly overcome by placing the big

low-speed gear close up against the horn plate, and grouping the
two pinions close together so as to lie between the gears when in

neutral. But even so, on the high gear there would thus be con-
siderable unsupported overhang of the shaft. As it is, if both
pinions were mounted on the same sleeve, the overhang would not
only have to allow clearance for the inside pinion, but allow clearance

for putting the other pinion into gear ; otherwise there would be
no neutral position. It is true that other arrangements on this

principle could be adopted, but all would involve an undesirable
amount of unsupported shaft overhang on one or other gear ratio,

unless very materially modified.

Independently Worked Pinions.

The next most simple solution (which would obviate the diffi-

culty of the overhang for the neutral position) is to work each pinion
separately by a separate lever, but this involves the possible danger
of the two gears being put into action simultaneously, unless special

provision is made ; something different, then, is wanted from the
mere lever secured to a rack or quadrant by a locking pin. That diffi-

culty can be met, however, by irtore than one device, as we shall see.

The same trouble occurs when the one pinion and its sleeve

is mounted to slide separately on the other, thus involving the
use of two levers, as in the case illustrated by fig. 5, though by
this means the overhang of the crankshaft can be reduced.

Interlocking Gear~operating Arrangements.
But normally in these arrangements the two pinions have to

be operated by two separate levers, and these, working on a
quadrant, are sometimes held in their “on” or “off” position by
pins locking them through holes in the quadrant. With this

arrangement there would obviously be the danger of both gears
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being put simultaneously into mesh through carelessness, and to
obviate this various locking devices have been brought out to
ensure that the one pinion cannot be put into mesh unless the
other is in neutral.

One such device is shown in fig. 7. In this, any sliding

movement of the high-speed A and the low-speed pinion B is

regulated by the locking bar C acting on the levers E and D.
Referring to the sectional illustration, it

is obvious that in the position shown
the lever E can be moved inwards
towards the fulcrum of the locking
bar which would have the effect (see

plan view) of sliding the low speed
pinion into mesh. It is equally clear

that, as the lever E was moved in this

direction, it would slide underneath the
locking bar C, and this would make it

quite impossible to tilt the locking bar up
at its other end as indicated by the
dotted lijies; but until it is tilted up
the lever D cannot be released. If we
put E back into the neutral position

seen in the illustration, we can tilt the
locking bar and release lever D to put
the high speed pinion into mesh, but if

we do so, the locking bar clearly blocks
any movement of the lever E: thus
the low gear cannot be engaged. In the
positions shown in the drawing both
pinions are out of engagement.

So far we have seen that two levers

are necessary for operating these pinions

on separate sleeves, but a clever arrange-

ment patented by Messrs. Burrell and
Edwards, and used by the firm of Burrell

on their machines, requires only one lever

actually to operate the gear, though for

greater convenience the locking catch, if

desired, may be worked by a handle. This

mechanism is seen in fig. 8. A is the high

speed, B the low speed pinion operated

by striking forks C and D respectively.

In working, these forks are slid along a

bar E, behind which is the locking catch

F, which can engage with projections

on the sliding parts of the striking forks.

In the position shown in the drawing this locking catch is holding

the high speed, or inner pinion, out of action, and the striking fork

of that pinion is held immovably between the horn plate and
the catch; ‘consequently the point G affords the unmoving
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fulcrum around which the lever H can be swung, so as to bring

it into the position indicated at I. The fact that the locking

catch is down at the high speed side end ensures it being lifted

on the low speed r

side
;
consequently it is quite possible to throw

the lever over into the I position, sliding with it the striking

fork D of the slow speed pinion so

as to bring the latter into engage-

ment with its gear. Contrariwise, if

the catch be thrown over so as to

lock the outer, or low speed pinion,

the connection J affords the unmov-
ing fulcrum around which the operating

lever is moved into the position K,
throwing the high speed, or inner

pinion, into mesh with its gear.

The Stewart-Thornycroft.

Among the three-shaft types of

transmission must be included that

on the Stewart-Thornycroft steam
waggon. This is entirely a gear

drive. The first motion shaft is

connected to the engine shaft by a
flexible disc coupling of considerable

size and weight, which also acts as a
flywheel for the engine. On a square

length of this first motion shaft the

high and low speed pinions can be
slid in or out of engagement with large

gears on the countershaft, which in

turn drive through a small pinion to

a large crown wheel on the differential

casing of the back axle. This final

drive has double helical or herring-

bone style of teeth. The sliding

pinions on the first motion shaft are

operated by clutch handles with
forked ends embracing collars on the

pinions and moving on a slide bar,

with locking pins for keeping them in position. As a matter of

detail it may be added that the countershaft is made in three parts,

connected by two enclosed universal couplings, for while the bearings
for this shaft on the off side are carried on the chassis frame, the
near side bearing is carried by a triangular-shaped bracket supported
on the axle, and since the off side is spring-suspended and the near
side is practically carried on the solid axle, there is a certain amount
of play to be taken up between the two : this arrangement permits
of that play to the full extent.

The latest steam waggon transmission eliminates the use of

chains, the engine driving through gear to each back wheel, so that

Fig. 7.—A simple locking change-
speed mechanism used on the
Brown and May tractor. Refer-
ence to the lettering will be found
in the text.
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the wheels are rotated independently on a fixed unmoving back axle.

Though new to steam waggon practice, this arrangement has already
been employed on heavy petrol chassis. At the time of writing
this machine, which is being constructed by a well-known engineering
firm, has not made its public appearance, and details are not
available for publication. I may, however, be permitted to say
that, as on the Stewart-Thornycroft, the engine of this waggon will

be completely encased and be located under the chassis frame.

Fig. 8.—The Burrell and Edwards locking change speed gear. Reference to the lettering

will be found in the text.

i Incidentally, too, I may add, it will be supplied with steam from a
; double-ended locomotive type of boiler, similar to that already
familiar in connection with the Yorkshire waggon. The first

;

models, at any rate to this design, will be of comparatively modest

[
size—about 2^ton load capacity—with a view to proportionately

[high speed.
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The Yorkshire Two and Three-speed Transmissions.

The Yorkshire steam waggon is another of the non-overhead
type with a three-shaft transmission. Waggons of this make can be
fitted alternatively with two or three gears, and fig. 10 shows a general

arrangement of the former. The pinions Ar and Bi on the counter-

shaft slide either way, so as to bring either into mesh with its second

Fig. io.—Photograph of the two-speed three-shaft transmission used on the Yorkshire

steam waggon.

shaft gear. Ai is the high speed driving pinion, A2 the high speed

countershaft gear, Bi the low speed pinion, B2 the low speed counter-

shaft gear, while the sprocket of the chain, which drives the back
axle and a bit of the chain itself, is seen at C.

The general arrangement of a three-speed gear is best seen in

fig. 12. In this the driving pinions Ai, Bi, and Ci slide on a squared



Fig. ii.—A view of the three-speed Yorkshire steam waggon chassis. This splendidly illus-

trates the whole arrangement from engine and boiler to back axle, inclusive of tanks.
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part of the crankshaft. Ai is the high speed pinion, which meshes
with its gear seen at A2, Bi the intermediate pinion, B2 the

intermediate gear, Ci the intermediate pinion, C2 the intermediate
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gear; and D the chain sprocket. The high and intermediate pinions

are keyed to the same sleeve and slide with each other, their gears

being so placed that it would be impossible for both to be engaged
at the same time. The low speed pinion is on a separate sleeve.

The complete arrangement of the whole transmission is shown
by the admirable photograph reproduced in fig. n, for which the
writer is indebted to the courtesy of Mr. W. J. Lewin, the general

manager of the Yorkshire Commercial Motor Co., who is also the
designer of the vehicle.

A Three-speed Three-shaft Tractor Gear.
In the earlier days of the steam waggon and tractor two speeds

were the almost invariable rule, but of late years there has been a
tendency among some makers to increase the number of speeds
to three. A good example of this is afforded by the latest design

Fig. 12.—Diagrammatic drawing to show the general arrangement of the three-speed York-

shire transmission. The wheels are shown only to the one side of the second motion shaft.

of Clayton and Shuttleworth tractor (fig. 13), in which the low speed

A is on one side, the high speed C on the other, outside of the horn

plates, the second or intermediate speed B has been brought in

between the horn plates, and the final drive D, to the back axle, is in

between the intermediate and low gears. Each change of speed is

obtainable by sliding a pinion, or gear, on one shaft into mesh with

a fixed gear on the other, and this sliding action is in each case

effected by a lever of the usual type. It may be 'pointed out, how-

ever, that, while to work the low speed gear the pinion is slid along

the crankshaft, in the other two gears the spur wheels on the second

motion shaft are the ones to be slid into action.
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The way in which the three separate operating gears are inter-

locked so that only one can be in action at a given time is very

ingenious. On the cross plate at the back of the fire-box a beam E
is pivoted at F, and is slotted as shown (upper sketch, fig. 13). In its

position all the gears are out of engagement, and the only one that

can be put into engagement is the low speed lever A3. If this is

Fig. 13.—The arrangement of transmission on the Clayton and Shuttleworth three-shaft

three-speed tractor. Ai and A2 are the low speed pinions and gear wheels
;
Bi and B2,

intermediate speed pinions and gear wheels ; Ci and C2, the high speed pinions and
gears, the levers being numbered “ 3 ” to correspond with their gears. The upper
sketch shows the locking arrangement.

moved into position A4, obviously the beam cannot tilt upwards,
for the low speed lever prevents it ; neither can it tip downwards,
for the intermediate speed lever B3 prevents that

;
at the same

time this intermediate speed lever is held in a notch of the locking
beam, while the high speed lever C3 is also held out of engagement by
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the end of the locking beam. Now, if we bring the low speed lever

back to the “ out ” or A3 position, it will come just over the recess

or notch cut for it in the locking beam, and the beam at this end
will be able to tip up, as far as this recess will let it. To get the
high speed lever into action, however, the beam is only tipped up
half the way so as to bring the notch in the near or left-hand end
of the beam opposite the high speed lever C3, so that the lever

can slide into or along the notch into the position C4. With the high
speed gear thus engaged, the locking beam is immovable. The
locking beam is also practically level, and is not yet tilted down-
wards on the left sufficiently to release the intermediate lever B3.
which is therefore held locked in its notch, as also is the low speed
lever A3. Now, if we move the high speed back to its “ out

”

position at C3, we can tip the locking beam at that end still further

downwards, until the intermediate lever B3 is clear of its notch,

and can be slid into the “ in ” position at B4. In this position the
upper end of the locking beam prevents the high speed gear lever

moving out of position C3, while the low speed is more deeply locked
in its notch than ever.

Thus it is clear that, with this locking beam, only one of the

three gears can be in action at a time.

Four~shaft Tractors.
The difference in the general arrangements of a three-shaft

transmission as compared with a four-shaft may be inferred from
the comparison afforded in fig. 14. We now come to the four-shaft

Fi g. 14.—To afford a comparison between three.and four-shaft transmissions on tractors.

transmissions, which, broadly speaking, giving as they do a greater
reduction, enable a, smaller and higher speed engine to be used. On
tractors and steam waggons of the over-type, generally speaking,
the introduction of the extra gearshaft also enables the sliding

pinions to be mounted on one of the intermediate shafts, and thus,
since these can be placed in between the bearings, overhang beyond
the horn plates can be avoided.
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Fig. 15.—Off and near side views of a typical three-shaft machine—the Fowler tractor.

In the off-side view the high speed pinion on engine crank is at A ;
high speed second

motion shaft gear at B
;
low speed ditto at C. In the near-side view, the second motion

shaft driving pinion is indicated at D, driving gear on the differential at E. The one
sun wheel of the differential is seen at F*

;
the other, on the road wheel at F2.



144 STEAM ROAD VEHICLES .

The Leyland.

Among steam waggons the Leyland affords a good example
of the four-shaft principle on the under-type steam waggon; the
complete gear box is explained by the illustration in fig. 16, in which
A is the crankshaft carrying the pinion B. This is in mesh with the
gear C on the second motion shaft D, on which also slide the high
and low gear pinions E and F respectively, which mesh with Ei and
Fi respectively on the third motion shaft G. This last is similar to

the countershaft of any ordinary chain driving car, for the differ-

ential is incorporated within the gears Ei and Fi, and the ends
of the shafts are fitted with sprockets enabling each to drive a
separate road wheel.

Fig. 16.—The Leyland transmission, which runs in oil, encased in a gear box formed in one

with the engine (which is also shown), as is the countershaft with its chain sprockets for

transmitting the drive to each of the road wheels. Reference to the lettermg will be

found in the text.

The Mann Transmission.

The Mann transmission represents the four-shaft principle as

applied to an over-type, and besides enabling a smaller engine to be

used, it also makes it possible to keep the crankshaft pinions inside

the bearings by allowing the sliding gears to be on the first inter-

mediate shaft—the second motion shaft in other words. This

absence of overhang of crankshaft, or countershaft, further leaves

room for the driver to be placed at the side, which in turn allows the

fuel bunker to be in front of him, so that he has no need of the services

of a fireman, but one man can look after the whole waggon.
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In this waggon there is on the crankshaft a single driving pinion
A (fig. 17). This drives through the gear B the second motion shaft
C. Di shows the high speed pinion on the second motion shaft,

D2 the gear on the third motion shaft. Similarly, Ei and E2 are

the second speed gears in engagement
;
Fi and F2 the low gears.

The chain sprocket on the third motion shaft is at G driving to the
crown wheel H on the differential casing of the back axle.

Control of Gears.

I have already described the various interlocking gear control

arrangements for two and three-speed three-shaft tractors, and
in four-shaft transmission control the principles involved are in no
way different, although in certain cases the problem may be compli-
cated by obtaining change speed by sliding one pinion on the one
shaft and another on a different shaft of the transmission.



CHAPTER XV.

TRANSMISSION: LOCKING OF THE BALANCE GEAR.

Differential Locking.

F
OR some reason or other, probably owing to their descent
from the traction engine, the steam waggon and tractor

have employed differential locking arrangements to a far

greater extent than have petrol vehicles, on which, indeed,
with a few Continental exceptions, these devices are hardly ever
seen. The prevalence of the differential lock on steam vehicles

may also be due to the fact that such machines are far more fre-

quently called upon to haul a trailer as distinct from carrying the
load, for in coming down a steep hill with a trailer the locking gear
is needed much more than on an ordinary waggon running by itself

;

uphill, too, the additional grip obtainable with both wheels locked
together is more likely to be needed with a trailer.

There are various ways of obtaining a differential lock, but,

broadly speaking, in every case the locking effect is obtained in

one of two different ways—either by locking one of the wheels to

the other directly, or by locking one of the wheels, and with it its

differential sun wheel, to the crown wheel or spider carrying the
planet pinions of the differential gear. The first method requires

no further explanation, and for the second a very little reflection

will show that, if one differential sun wheel is locked to the spider

carrying the planet wheels, not only is movement between the two
prevented, but the planet

_ pinions are prevented from rotating
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on their own axes, since . they are locked by the teeth of the sun
wheel. Therefore the teeth must lock the other sun wheel, and
the differential must rotate solidly locked in one.

In many live axles one of the wheels is mounted on a sub-
stantial shaft which is carried right through the axle, and the other
wheel is mounted on or constitutes a sleeve rotating either with
or on this shaft, according to whether the differential is or is not
in action. With axles of this type, locking by the first or simplest
method is often comparatively easy, and is generally carried out
by either of two methods—the shaft of the one wheel can be secured
to the other either by a locking pin being passed through the boss
of the one wheel and some projection or flange keyed or secured
solidly to the shaft of the other wheel ; or the
wheels may be locked by a drum on the shaft

of the one wheel being held to the other wheel
by a brake strap.

The first of these methods is more generally

adopted in steam waggons than in tractors, the
one wheel being carried on a sleeve, through
which passes the axle shaft to which the other
wheel is keyed—the usual arrangement. On
the end of this shaft outside of the wheel
which is running independently on its sleeve, a
flange or disc is secured, and this is formed
with holes corresponding with holes in the hub
or nave of the wheel, which revolves practically

against it. Thus, when a pin is put through
one of the holes in the disc and into the wheel
nave, the two are locked together (fig. 1).

The Drum and Band Method.
The brake drum and band method was a

good deal more used some years ago than it is

to-day ; its application is seen in the fig. 2

sketch, in which A is the axle shaft to which the
other road wheel (not visible in the sketch) is

keyed, and B is the road wheel not keyed to the
shaft. On the shaft, and secured to it so as to

rotate with it, is the drum C surrounded by the
brake strap which is anchored to the road wheel at D. If, then, this

strap is tightened up sufficiently to grip the brake drum, when the

shaft A and its brake drum C rotate, the brake strap, these

anchorages at D, and the wheel B, all have to rotate with it.

The first method, already mentioned, is generally effected

by a locking pin, although in certain cases dog clutches have been
used. Owing to design requirements the second method—of locking

one wheel to the differential crown wheel or spider—is very widely

adopted on tractors, and fig. 3 shows an example of this arrange-

ment, which requires but little explanation beyond that afforded

Fig. 2.—The method of

locking one wheel to

the shaft of the other
by a brake. For ex-
planation of the
lettering, see text.
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by the inscription. In this gear the locking pin is comparatively
near the centre of the wheel, and thus the driving pinion, which
acts on the circumference of the road gear, tends to rotate the latter

with a big leverage, all of which tends to shear the locking pin.

From this point of view, therefore, the further away from the wheel
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centre the more advantageous the position of the locking pin, and
an example in which this idea has been carried out, as far as circum-
stances permit, is given in fig. 4.

All the locking devices described so far involve the driver
stopping his machine and dismounting to put the locking appliance
in action, but there are a few locking devices which can be operated
by the driver from his seat. The writer has seen such examples
applied to heavy petrol cars both in Germany and France, but
in this country they are not used at all on petrol cars, and are com-
paratively rare on steam vehicles. One such device, however, has
been designed by Burrell, of Thetford.

The Burrell Double Drive.

It will be remembered that in describing the various trans-

mission systems mention was made of the double drive adopted

Fig. 7.

Figs. 5, 6, and 7.—The Bun ell differential locking gear by sliding sleeve. This can be
worked from the foot plate.

on the Burrell tractor, and how with these arrangements, each road
wheel revolved on the end of a fixed non-rotating axle, and each
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was driven through a separate gear by a pinion mounted on the
end of the- countershaft. Thus on each end of the countershaft
there is a pinion, and to obtain the differential action the balance
gear has to be incorporated in the countershaft construction.

With the differential gear thus practically on the footplate,

it can be locked without any necessity for dismounting
; and indeed

to lock it, stoppage of the engine is not absolutely necessary.

The Burrell arrangement belongs to the second category of

locking gears, in which one of the differential sun wheels is locked
to the spider or main crown wheel of the differential, and to get
this effect a simple sliding dog clutch is employed. The whole
arrangement is best explained by the drawings in figs. 5, 6, and 7.

The first of these drawings,-shows a differential gear of ordinary
construction, except for the fact that round the boss of one of the
sun wheels A, and rotating with it, is a clutch ring B, the shape of

which is defined by fig. 6. This clutch ring can be slid along the
boss of the sun wheel, and the jaws C, in figs. 6 and 7, can slide through
the sun wheel as indicated in fig. 7, which shows the relative arrange-

ment of sun wheel and clutch. When, therefore, the clutch is slid

inwards towards the differential, its jaws engage with the centre

D, which in the drawing is shown cut away at the points where
the jaws engage.



CHAPTER XVI.

TRANSMISSION: TAKING UP THE MOVEMENT OF THE
ROAD SPRINGS.

Allowing for Spring Action.

B
EFORE leaving the question of transmission there are certain

subsidiary matters to be considered, in addition to the broad
principles. For instance, the law which enables a 5 ton

tractor to be registered as a
motor car stipulates that it

must be mounted on springs.

Now the engine, with its crank-
shaft and also the first and (if

any) second motion shaft, is

also carried on these springs,

while the road gear on the axle

or wheels, of course, cannot be
sphng-supported. Owing to the
action of the springs there is,

therefore, a constant motion
between the teeth of the
pinion on the driving counter-

shaft and the teeth of the
driven gear on the road wheels
—a constant in and out sliding

motion—and for this reason on
tractors the teeth of these

gears are made particularly long

to enable this action to take
place without the teeth of the
gears coming out of mesh.
Messrs. Tasker and Sons, how-
ever, in one of their gear-

driven Little Giant tractor

designs have tackled this prob-
lem by interposing between the
driven gear and its axle a
floating ring, which enables

the gear itself to remain in

constant mesh with its driving

pinion, and, though the former
may be constantly out of

centre with its axle and the
differential thereon, to drive

the latter regardless of con-

centricity or eccentricity.

Fig. 1.—To explain the principle of the floating

ring coupling employed in the Tasker trans-

mission. The upper sketch of the floating

piece B shows it turned round, the better to

show the upper groove.
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This is effected by a principle well known to engineers for many
years in the Oldham coupling, the idea of which is explained by A,

elements are section lined.

B, and C in fig. i. Let us suppose that A is the driver, and is formed
on one side with a feather lying across it, seen in the sketch A. This
feather fits into a corresponding groove in the floating or middle
dement B, on the other
side of which is a groove
or feather at right angles

to the one fitting with A,
and this second groove
or feather fits with a
corresponding groove or

feather in the driven
element C. Thus it is

quite clear that at any
moment there is a pos-

sibility of the floating

element being free to

move relatively to the
driving in One direction. Fig* 3-~*The floating driving plate arrangement^used

° on the Fowler tractor.
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let us say for the moment horizontally, while in the other direction
the driven can move relatively to the middle element in the
vertical direction. Thus we have free movement between driving
and driven, both horizontally and vertically, which is all we want.
Somewhat the same principle is adopted on the new Fowler tractor.

This arrangement is seen in fig. 3, in which A is the driving
member, B the floating or driving frame, and C the driven member.

The Chain~driven Tractor.

In common with Fodens and Naylor and Co., of Hereford, Taskers
have in recent years brought out a chain-driven tractor which
allows a certain amount of flexibility and movement between spring

mounted driver and unsprung driven gears. This is of the three-

shaft type. The chain transmission involves a modification of

the shaft arrangement, though it in no way affects the principle

of Working, except for the fact that, while a gear-driven wheel

Fig. 4.—An example of the Tasker chain-driven tractor.

revolves in a direction opposite to that of its driver, a chain-driven

wheel revolves in the same direction ;
consequently the engine

of a chain-driven machine has to run in the opposite direction to

that of a gear-driven vehicle with the same number of shafts in

its transmission.

The Influence of Transmission on Springing.

As may be gathered from the previous pages, the springing

of a vehicle may to some extent be dependent on the transmission ;

for instance, in the ordinary tractor it is obviously very necessary

to keep the second motion shaft parallel to the axle which it is
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driving. On the other hand, with a chain, or other flexible form
of transmission, far greater latitude is possible in the general design
and arrangement of the spring suspension

;
indeed, the spring

suspension on the ordinary gear-driven tractor is materially a

different problem from that of the ordinary steam waggon—at

any rate so far as concerns the back axle springs.

In the tractor, generally speaking, the back axle is mounted
in axle boxes, that slide up and down between guides riveted or

bolted to the horn
plates of the
machine; under
these circumstances
the only possible

movement is ver-

tically up and down.

Springing in the

Tractor.
In some trac-

tors, as, for example,
the Fowler and the
Burrell, the horn
plates move, under
the action of the
springs, up and
down both the
boxes of the axle

Fig. 6.—The Burrell system
of springing by which
the horn plates move
up and down relatively

to the countershaft as

well as to the axle, thus
enabling countershaft
pinions and gears to be
kept at a constant
depth of mesh. The
countershaft B runs in

axle box F, which
slides up and down in

the born plates, and is

held at a fixed distance
relatively to the axle
by the rod H.

and the bearings of the countershaft, the axle boxes and the counter-

shaft bearings being held together by rods so that their sliding

movement relatively to the horn plates is in unison. The illustration

of this arrangement on the Burrell (fig. 6) needs no explanation.
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SPRINGING.

Some Tractor and Waggon Back Axle Spring Systems.

THE simplest arrangement is that in which coil springs are
used, these being placed either below the axle boxes, as in
fig. i, or above them as in fig. 2. In the former case, the
weight of the tractor is transmitted by the brackets A

to the springs B, which press on the keeps C, that are secured by bolts

Fig. i.—The method which was adopted of using cod springs on the back axle of the Brown
and May tractor. Reference to the lettering will be found in the text.

D, slung from the axle boxes E ; thus the body of the machine
is able to ride up and down on the coil springs. In fig. 2 the brackets
A, bolted to the horn plates, transmit the weight to the springs B,

which directly rest on the axle boxes E. This is, if anything, a
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Fig. 2.—The method of using coil

springs placed above the back
axle, as in the Walks and Steevens
tractor. Reference to the letter-

ing will be found in the text.

simpler arrangement. In this figure attention must also be called

to the cross stay F, which acts as a distance piece and ensures the

axis of the countershaft lying parallel with that of the axle as

the former rides up and down on the

springs.

A very similar arrangement em-
ploying volute springs was Adopted by
Messrs. Green in their tractor, and there

is a good deal to be said for the volute
in comparison with the ordinary helical

or coil spring, since it gives a gradua-
ted action, the larger and easier coils

taking up the slighter shocks, the

smaller and stiffer coils the heavier

shocks
; thus the more severe the

shock the further along the spring

towards the small coils does the deflec-

tion movement extend (fig. 3).

Coil springs of all sorts, however,
are being replaced by plate springs, for,

as Mr. W. Fletcher says in one of his

articles, though the former are cheap and durable, " as there is

no friction, as in the plates of laminated springs, they cause
‘ dither ' or vibration of the engine, which is bad for the main
portion of the final drive.”

The next move
then was towards the
use of laminated
plates. These could
be placed longitudi-

nally along either the
inside or outside of

the horn plates, but
when placed along
the inside as supports
of the boiler, etc., on
the axle, they natu-
rally are very close

together, and the
width of the support
is naturally rather
narrow. The effect

of this is that, when
the wheel on one side

moves up and down
over any inequalities,

a certain tendency
towards transverse rolling of the boiler and engine may be set up

To counteract this, then, one of two methods is adopted

:

either the springs are placed outside of the horn plates, or, being



STEAM ROAD VEHICLES.J 5 8

retained inside, they are placed across the frame, and act through
compensating or equalising levers.

We may take the Foster tractor as a good example of the first

method. There is a good deal to be said for this position of the
springs, besides the greater width of support on the axle, for the
springs, being visible and more accessible

than when in between the horn plates,

are not so liable to neglect or to be-

come covered in ashes
;
adjustment can

be made more easily
;
and longer and

easier-riding springs can be used : those

on Foster-Wellington tractors measure
not less than 40m. (fig. 4.^

The principle of the cross spring

and compensating lever i3 explained

by fig. 5, and the same principle is em-
bodied in the Robey tractor (fig. 6), one
of the great features of which is the

adjustment by which the horn plates

A. are carried by sloping brackets B in

contact with similarly inclined blocks C,

which transmit the weight to the spring.

By the adjusting screw D these blocks

Fig. 5.

—

To explain the principle of

cross spring and compensating
levers.
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can be drawn inwards so as to take up any wear and ensure an
equal weight on each spring.

Back Axle Springing in Steam Waggons.

In steam waggons, when chain transmission is employed, the

problem is far simpler than on tractors, since there is more space, and
there are not the same restrictions on the movement of the axle. Con-
sequently, the most general arrangement supports the chassis frame on
the back axle by ordinary semi-elliptic springs, which, as they deflect,

are free to slide at their ends, and the forward movement of the
axle in travelling along the road is imparted to the chassis fran^e

by stout radius rods, which, also provide adjustment for the chain.

Fig. 7 shows springing and transmission arrangements on the

Fowler tractor. A is the second motion-shaft, B the axle, and the

pinion C on, the former drives a large gear (not shown) mounted
on the differential D of the back axle. The bearings in which both

A and B run are alike mounted in two connecting brackets Ei and

E2, so that both are bound to move together in sliding up and

down in the horn blocks Fi and F2 mounted on the boiler horn
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plates. Thus both second motion-shaft A and axle B are kept
parallel with each other. The weight of the boiler is taken through
the compensating levers Gi and G2. At its left-hand end Gi is

slung from the bracket El by a hook Hi, just visible, while G2
is slung from bracket E2 by a similar hook H2. To these the weight
of the boiler is transmitted through springs I (there are two of them)
by the bolt or hanger J. Thus the levers transmit from the one
side to the other any upward and downward movement of the engine.

Back Axle Springing in Gear~driven Waggons.
In gear-driven waggons the problem is easier than in the gear-

driven tractor, since there is more room in which to arrange for

the necessary movement.
Take the Stewart-Thornycroft waggon, for example (fig. 8).

Here we have a back axle driven through a large double helical toothed
crown wheel A and a pinion B mounted on the countershaft. These
have to be kept in constant mesh with each other ;

consequently
the pinion shaft C is mounted in bearings on a triangular frame D
carried on the back axle. A certain amount of spring movement
is taken up by the universal joints fitted to the pinion shaft, one of

which is seen at E in fig. 8. As the forward movement of the road
wheels is imparted to the frame through the radius rods F, the

up and down movement of the frame on the springs is controlled

by these radius rods
; consequently it does not move up and down

in a vertical straight line, but follows the arc of a circle, the centre

Fig. 7.—The Fowler tractor springing and transmission arrangement.
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of which is the front anchor link of the radius rod, while under the

influence of spring movement the back radius rod pin follows the arc

of the circumference. It will be seen that the spring anchorages

allow for this movement, and to enable the final transmission also to

adapt itself to the action, the triangular frames carrying the bearings

of the pinion shaft fulcrum around the axle, their movement in this

way being controlled by the link G.

Fig. 8.—The axle end of the Stewart-Thomycroft transmission explaining how the gears

of the final drive are kept in constant mesh in spite of any spring movement.

Spring Suspension at the Front.

At the front part the problem of suspension is much the same
in waggon or tractor, and is a far simpler matter, dependent rather

upon the type of steering used than upon any transmission.

Broadly speaking, the type of front axle indicated in fig. 9
exemplifies a general arrangement employed on steam tractors

and locomotive-type waggons, because on these vehicles other

L
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constructional requirements of design generally lead to the adoption
of steering by a front axle swivelling on its centre point

; conse-
quently the front of the vehicle has to be spring-supported in such
a way that it can not only ride up and down on its springs on both
sides, or on one side only, according to the road surface, but that the
supporting axle can turn underneath it, and relatively to it, as the
vehicle is steered in this or that direction. In fig. 9 the front of

the machine is supported at the smoke-box of the boiler, which is

carried on a perch plate A, to which is secured the steel casting

B, which forms the upper part of the turn plate, the lower part C
being formed with a central perch bolt D projecting up through
the upper plate and sometimes working in a socket, which is fitted

directly to the underside of the smoke-box. This turn plate is

supported on the cross spring F that imparts spring movement to

Fig. 9.—A frequent method of springing at the front end of steam tractors and over-type
waggons.

the front of the vehicle which it carries. That spring movement is,

however, regulated by the forged stirrup G, which projects down
on either side front and back of the axle, which, as it moves up and
down under the action of the spring, is guided by the ribs H, and is

further guided, and also checked, by a pin I passing through the axle.

But though the pin to some extent guides and checks the up
and down movement of the axle, its main purpose is to afford a
point on which the axle may swivel, so that, if one wheel has to

mount over an obstacle while the other rolls into a depression, the

front axle can accommodate itself to such surface inequalities, regard-

less of the back axle. Such an arrangement certainly results in
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great flexibility to the vehicle, considered as a carriage, and in this

^
respect this system of springing possesses advantages over the

i

arrangement employing two longitudinally placed springs, one
under the frame member on each side, which is the arrangement
most general in waggons with Ackermann or motor car steer-

ing. It practically amounts to the spring support of a turntable
on which the front of the vehicle and the axle may swivel relatively

to each other.

In the Brown and May tractor coil springs were similarly used.

Various modifications of the same principle exist. For instance,

McLarens place the spring between the smoke box and the turn

plate. This is explained in fig. io, in which A is the axle, pivoted
so that it can trunnion on B, in the top of which is fitted a large

Fig. io.—McLarens’ method of springing at the front end, with spring above the perch.

diameter ball thrust washer D, which, through the block C made to

fit on it, takes the weight transmitted through the spring G. Obviously
then the axle can move round easily on this ball bearing relatively

to the spring G and the smoke box to which the latter is attached,

while the up and down action of the front of the smoke box is

guided by the sleeve E which surrounds B, working up and down
it and mounted on the perch plate F, which is bolted to the

smoke box.
The arrangement of front axle springing, common in cars with

Ackermann steering, consisting as it does of springs lying longi-

tudinally at either side, as in the ordinary motor car, calls for no
comment.



CHAPTER XVIII.

STEERING GEAR.

Some Considerations of Ackermann Steering.

I

N waggons fitted with Ackermann or motor car steering, as in the
Atkinson, Leyland, Sentinel, and Yorkshire, the front part of

the vehicle is generally carried on two longitudinally placed
springs, one either side, each spring anchored at one end and at

the other free to move under deflection, as in the ordinary motor
car; and in this arrangement the free end is more usually fitted

with a slipper block to slide along a guide on the frame, than to swing
with a shackle link.

Some Points in Ackermann Steering Mechanism.
While we are discussing the subject of Ackermann steering,

attention may be drawn to the fact that in the Leyland and the

Fig. i.—

I

n the Sentinel front wheel the centre point of the pivot, on which the wheel turns

for steering, is dead over the centre of the wheel tread.

Sentinel (fig. i) the pivots around which the two front wheels swivel

are placed dead over the centres of the .wheel treads, and by this fact

steering is greatly facilitated, seeing that the front wheels are thus

turned upon a point instead of—as in the usual arrangement

—
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being forced round in the arc of a circle, the centre of which is the
centre of the stub axle pivot. Admittedly, however, there is much
to be said on both sides. Those who believe in having the stub
axle pivot nearer to the centre line of the chassis than is the centre

plane of wheel, maintain that with this arrangement, when the

front wheels are turned by the steersman, they are moved round
in the arc of a circle, and thus always make rolling contact, while

with the pivot placed over the centre of the wheel tread the tyres

are merely turned round' on a point and the contact is thus one of

scraping, and not rolling. And if the wheels are turned when the
machine is standing, this will to an extent be true enough, but
the writer would like to suggest that so long as the vehicle is moving
onwards this cannot be the case with the co-axial pivot any more
than with the ordinary arrangement ; in both cases the wheels are

rolling and are turned to an angle out of their direct onward path.

Steering Gears.

While we are on this subject of steering, we may just as well

enumerate the various types of this mechanism in general use.

First, with the tractors and over-type waggons, in which the whole
front axle swings on a central pivot, or perch, we have an arrange-

ment by which the axle towards each end is controlled by chains
converging as they run bacfcwards towards a drum, around which
they are wound so that as the one chain is tightened the other is

proportionately slackened. Long coil springs are generally inter-

posed on these chains to ensure a steady and even tension. On
the shaft of the drum there is generally a worm wheel, which is

controlled by a worm mounted on the shaft, or column, of the
driver’s steering wheel.

In the Mann vehicles, although the whole front axle turns on
a central pivot, these chains are eliminated. The moving part of

the turn plate is made with a worm toothed rack describing an
arc of a circle, and this is turned around by a worm shaft placed
transversely in front of the turn plate and actuated from the steer-

ing column by bevel gear (see fig. 15, Chapter XIV.). This form
of steering has proved very satisfactory.

This worm gear arrangement is also very generally used for the
Ackermann steering, in which the worm wheel very often takes
the form of merely a sector of a circle. There is a modern tendency,
however, towards providing a complete worm wheel, so that, when
it gets worn on one part of the circumference, it can be taken out
and some other unworn part of the circumference be placed in

working contact with the worm.
With the Ackermann steering the object of mechanisms like

this is partly to obtain the power necessary to steer these heavy-

vehicles and partly to obtain irreversibility, so that the front wheels
remain more or less at the angles to which they have been turned
instead of tending to fly back to the “ straight ” position, as might
be the case without this worm mechanism.



up of wear, or to bringing into action fresh unworn
surfaces when required. Also the thread tends to get worn unequally
—more towards the middle than the ends.

Though over-type waggons are generally fitted with the centre

pivoting perch style of front axle, the Ransomes steam waggon,
that recently made its appearance, is designed with Ackermann
steering.
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Another form of steering gear which is finding increasing favour
is that in which the steering movement is obtained by the upward
or downward movement of a nut working along a screw thread
formed on the end of the steering wheel shaft. A good example of

this is seen in the Sentinel steam waggon, fig. 2. With a good long
nut this gear has the advantage of presenting larger wearing surfaces

than the worm and sector mechanism, but does not lend itself so well

Fig. 2 arrangement of the Ackermann steering front axle of the Sentinel.



CHAPTER XIX.

AXLES, WHEELS, AND BRAKES.

T
HERE is little need to deal at length with axles, as many
examples of these have been included in previous illustra-

tions of the transmission and other parts of the mechanism.
Broadly speaking, it is enough to say that the front axles

resolve themselves into two distinct types, the one pivoting on a

Fig. i.—

A

sectional view of the Allchin back axle and pin-driven road wheels.

central perch bolt, being commonly employed on tractors and over-

type steam waggons, while the other, practically always securely

fixed at either end to the buckles of separate longitudinally placed
front springs, is made with the usual joints for the stub axles, which
swivel on the Ackermann or ordinary motor car principle.
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Back axles, too, can be broadly classified into two main types

—

the live axles employed on gear-driven tractors and most waggons,
and the fixed axle on which the wheels on either side are driven
separately by side chains from a countershaft which embodies
the differential

,
as on the Leyland.

The latter call for no remark ; the former but little. We
may, however, well notice the fact that the increased use of rubber
tyres on steam waggons (involving as it does the necessity for re-

newing those tyres from time to time, and for this purpose the
removal of the wheel) is leading more and more to a design of axle

that will facilitate such removals. The Allchin waggon affords a
good example, in point of fact. Fig. i gives a sectional view
of this, indicating how the axle itself is a solid shaft A of forged

steel extending from end to end. On it the one road wheel is secured,

and this, with the axleshaft, is driven through the differential sun
wheel Bi, which is strongly keyed to the axle. The other road
wheel, which is the one seen in the drawing, is driven through the

Fig. 2.—View of the Bauly axle with wheels partially withdrawn, showing driving arms,
pins, and corresponding holes in the hubs.

other sun wheel B2, by a sleeve B3, that rotates on a bush C sur-

rounding the axle, this bush being extended also to afford a bearing
on which the hub of the road wheel at D may rotate. At the
road wheel the sleeve B3 is carried outwards to form a flange, through
holes in which the massive driving pins Ei and E2 are passed to

transmit the drive to their road wheel. The locking plate F is

secured to the end of the axleshaft by an exceedingly substantial

cross pin G, which cannot slip out, being surrounded by the cap H.
Thus, if the locking pin be passed through one of the holes shown
in the plate F and a corresponding hole in the wheel, the latter is

locked to the axleshaft, though without the locking pin it is inde-

pendent of the axleshaft and only driven from one of the differential

sun wheels through the sleeve B3 and the driving pins Ei and E2.
Another excellent design of back axle, which I believe has

made its appearance since the introduction of the rubber tyre, is

that made by Mr. H. C. Bauly, whose extensive experience with
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steam waggons led him among the very first to appreciate the diffi-

culties of removing the average steam waggon wheel which was keyed
or hydraulically pressed on to the axle. The drive is taken by
two arms or dogs (fig. 2), A being made with a sleeve keyed solidly

to the axleshaft, while A1 is formed in one with the differential

sleeve B, that takes the drive from the off side differential sun wheel
to the off side back wheel. These arms are formed with holes, into

which fit driving pins C and C 1 respectively, made in one with the

hubs of the road wheels themselves, and when the latter are in

position they are held up in that position by their collars and linch

pins. With a drive such as this the wheels can be made of sufficiently

easy fit to slip on and off the axleshaft without any need for forcing.

Fig. 3 gives the v^ry neat design of the Atkinson back axle,

intended for use exclusively with rubber tyres. This follows much-
the same lines, but it should be noted that the wheels are secured

Fig. 3.—The Atkinson back axle, here seen in sectional view, exemplifies a construction
expressly designed for use with rubber tyres.

on tapered seatings, the one keyed on to the main axleshaft at A,
the other held up on its seating by bolts B through the flange C
on the sleeve D.

' Some Notes on Wheels,
The wooden wheels, formerly so general on steam waggons, are

tending to disappear in favour of metal wheels ; for though the
wooden construction undoubtedly deadens vibration, and wooden
wheels are good enough if carefully looked after and kept painted,
it often happens that this is neglected (either from carelessness or

because it is impossible), and consequently the wheels tend to shake
loose under the climatic variations and stress of work, while the
constant hammering on the tyres tends to stretch them.
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Among all-metal constructions, the built-up wrought iron wheel
is familiar to all from the beginning on tractors and on many steam
waggons. In these wheels the molten cast iron, which forms the
hubs or naves, is in the making run around the ends of the wrought
iron spokes, which are generally split and turned over the better

to hold in the metal when it solidifies. The other ends of these
spokes are made T-shaped to afford sufficient material for the rivets

by which they are held to the T-section ring, which forms the rim
of the wheel inside of the tyre. This riveting should be done hydrauli-
cally by preference.

Then we have the pressed steel wheel, of which Toward and
Co., Ltd., of Newcastle-on-Tyne, make some good examples, illus-

trated in figs 4 and 5, an important feature being the spigot joint

at A of the plates which constitute the sides of the wheel. For the
rest the sectional drawing is self-explanatory.

Finally we come to the steel casting wheel which the motor
'bus has done so much to develop
and bring to its present light

design. As in talking of steel cast-

ings many people imagine in their

mind's eye a hard but more or

less brittle material like cast iron,

let it be pointed out here and now
that, while ordinary iron castings

are practically unmalleable and
unductile, a steel casting is both
malleable and ductile—more like

wrought iron in many ways. It

can be dropped from a height or

hit with a hammer with a pros-

pect of being bent rather than
being broken.

These cast steel wheels take
various forms, the spokes affording

the chief points of modification, and the felloe being made to conform
to them. Generally speaking, these spokes are of S, X, or O section,

the two latter being' generally the most popular, although the H
section is at least as strong longitudinally and far more so laterally

than either
;

in fact, it is a wonder that we have not seen more of

this section in cast wheel construction.

Brakes.
Considered broadly, brakes are one of the most unsatisfactory

features of a steam waggon. On the other hand, by the nature
of the power used, the steam engine can be employed as a much
more effective brake than can the petrol engine, although in most
of the overtype waggons this braking power of the engine is depen-
dent on the chain transmission, and if the sudden reversal of stress

on the chain, due to the reversal of the engine to use it as a brake,

were to snap the chain, the engine as a braking force would cease

Figs. 4 and 5.—Sections of Toward’s pressed
steel wheels both for steel and rubber tyres.

The spigot joint seen at A is an important
feature in the construction of these wheels.
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to exist. The careful driver, however, would be very chary of

reversing his engine to use it as a brake.

In the writer’s opinion every steam waggon should have two
sets of brakes acting as nearly as possible directly on the road wheels,
and these brakes should be designed so that the rotation of the

wheels does hot tend to release them by the “ stroking ” action of

the wheels on the brake blocks or bands. On the contrary the harder
the brake blocks or bands are applied, and consequently the more
the rotation of the wheels is felt on them, the greater should be the

^tendency for the brakes to grip. Also the brake drums should be in

such a position that no oil will drop or work on to the braking surfaces.

Undoubtedly one of the best designs of brakes is seen on the
Garrett waggon, of which illustrations are given, showing in fig. 6
the internal expanding hand brake that is fitted on all waggons
of this make, while fig. 7 shows the foot brake that is fitted to the
heavier waggons of about 5 ton load capacities.



CHAPTER XX.

PREPARING FOR THE ROAD.

Some Notes on Driving.

T
HE successful driving of the steam waggon or tractor is quite

as much dependent on the work that is done when the machine
is stationary as when it is actually running on the road,

and, therefore, in reviewing the duties of a driver, we will

begin from the start, which may be regarded as the return of the
machine to the garage on the day previous to the day's work we
have to consider.

The Value and Application of System.
Before we go further let me insist on the importance of System

with a capital S. In such responsible work there are so many
different jobs to be done that it is only by systematising matters
that the driver can hope to perform each unfailingly without risk

of forgetting anything.
But in laying down any system we must do so with the under-

standing that any prescribed routine may be subject to considerable

modification according to circumstances. For instance, when a
number of waggons are kept at a single garage and a man is in

constant attendance to get ready the machines, the conditions

are materially different from those for a single vehicle. Again,
the working of a double manned machine would be different in

many ways from that worked by a single driver
;

while again, if

the driver has an assistant, this may modify his plans.

Under these circumstances the most difficult conditions have
been assumed—that of a single driver working a single machine

—

on the assumption that it will be easier to modify these to suit

more favourable circumstances than to modify easy
.

conditions

to meet more difficult cases.

Work in the Shed—the Day Before.

When the machine comes in then from the previous day’s work

—

i. The cottons should be taken out of the lubricators.

2.

Drain cocks opened.

3

.

Firewood for the next morning be chopped and placed

as near as safety permits to the hot boiler to dry it thoroughly
ready for the morning.

Work in the Shed—Before Starting.

When the driver comes on duty the next morning his first care

will be

—

i. To make sure there is enough water in the boiler,

and, if the level is too low, to fill up.
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Before filling the boiler with cold water care should be taken
that the boiler itself is cold, or very nearly so

;
otherwise the con-

traction set up by the sudden cooling of hot plates may lead to

trouble. In America, where locomotive fire-boxes are of steel

(in the United Kingdom they are of copper), the writer has known
a dozen fire-boxes crack during a single night in one round house
alone from lack of this elementary precaution. Steam waggon and
tractor fire-boxes in this country are also made of mild steel.

Haying made sure that the boiler is reasonably cool, it can
be filled with water till the level rises half-way up the gauge glass,

and when this has been done the bottom drain test cock should
be opened to see that the water runs out freely.

2. Sweep the tubes.

3. Clean the fire-box.

4. Start the fire.

When the fire has been lit, it is as well to allow the wood to

blaze for a short time before putting on coal, so that the flames may
dry the tubes in the smoke-box and gradually warm them up to

prevent sweating, which, if set up, would cause the fire tp burn
badly and involve a longer time for raising steam. After the wood
has been blazing for a short time, a few shovels of coal may be put
on and the process repeated for a bit every few minutes.

5. Get together all requisite stores, including oil and grease.

6. Go over the machine for any tightening up and adjust-

ments with a set of spanners, beginning with the engine, then
taking the motion and transmission to the back axle, springs

and' wheels, then the front axle, steering gear and frame. While
dealing with the nuts the driver will also look to the cotters and
split pins. Adjustments will consist chiefly of glands, not
forgetting pump, chains, etc. ; but adjustments for bearings

should not be a matter for the driver’s daily attention, but
should be effected at week-ends, as also should boiler joints,

unless they are blowing. The brake adjustments should
receive particular care.

Broadly speaking, there are two methods of inspection, the
one based on the geography of the machine, so to speak, the other
on the use of tools and appliances

;
in other words, while some

drivers favour a man taking spanner, oilcan, and tool-kit with him
and doing at once everything required to each part of the vehicle

as he comes to it, others advocate first systematically going round
the vehicle with one tool, then with the oilcan, and so on. Personally,
the writer prefers a compromise between the two, making the tools

and the lubrication two entirely separate matters. Much, however,
depends on the driver.

7. Fill up grease lubricators, and grease the chain with
the stiffest grease possible, as oil is apt to squeeze out under
pressure. For lubricating the chain a mixture of 4 lb. of tallow,

1 lb. of blacklead, and 1 pint of oil, boiled until foam comes
to the top, and stirred until the mixture begins to set, is advo-
cated by an experienced driver. The mixture can be applied
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with the brush every morning, and, if necessary, could be
utilised for joint making. Waste oil, provided it is free of

grit, can be used for this, and for that purpose, and for general
economy in oil, an oil filter may easily more than pay its way.

8. Oil up, beginning with the cylinder lubricator (sight

feed or otherwise), and the automatic lubricator for the motion.
In cold weather the oil preferably should be previously heated,
so that it can be quickly poured through gauze into the reservoirs

of these lubricators. In oiling, of course, the trimmings that
have been removed the previous day should be replaced, but
they should first be examined, and, if necessary, cleaned

;

and if on the previous day they have not been passing the
desired quantity of oil, they should be reduced ; if too much,

Figs, i and 2.—The first sketch shows a very general arrangement of eccentric strap with
oil cup

;
beside it is a sketch of the trimming advocated for it by an experienced

driver.

they should be made thicker or preferably renewed. Only
after the trimmings have received attention should the oil

vessels be filled up. Then oil crankshaft bearings, cross heads,

and slide bars, big and small ends, eccentric straps, link motions,
valve spindles, pump, the bearings of the various motion shafts

and axles (if designed for oil lubricators), the spring ends,

and the steering.

Lubricator trimmings may be either of the tail or plug type.

The former, which are used on more or less unmoving parts, as,

for instance, the guide bars, are little more than pieces of worsted



STEAM ROAD VEHICLES . i75

inserted in the feed tube, with their ends hanging down into the

oil reservoir of the lubricator. Thus the worsted sucks the oil up
and syphons it down to the bearing. Plug trimmings in one form
or another are used on violently moving parts, such as big ends,

Fig. 3.—Illustrating the stages in making a plug trimming.

eccentric straps, and so forth. They are made with strands of

worsted coiled around a twisted wire, formed with a loop at its

end to prevent it falling too far into or coming out of the feed

tube. Some useful forms of plug trimmings are given in the
accompanying illustrations (figs. 2 and 3). Generally speaking,

the wires should be made with loops to enable the trimmings to

be withdrawn, and the worsteds should be cut just long enough

Fig. 4.—The making of a tail trimming. Fig. 5.—The tails can afterwards beTeduced
in number to the minimum absolutely

/ necessary. This saves oil.

to clear the bottom of the oil cup, and should be adjusted with a
sufficient number of strands of worsted so that they are not too
tight in the oil pipe and yet can pass a sufficient amount of oil.

Some bearings require more oil than others, but the determination
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of the supply must be a matter to be decided by common sense

and experience ; it cannot be imparted in book form. It may
be said, however, that in warm weather the oil, being more liquid,

passes along the trimmings more easily than in the winter—at
any rate on bearings which are not too greatly subjected to heat
from the engine—and allowance should be made for this in adjusting

the trimmings.
A few hints on making trimmings may be useful. First take

about three strands of the wire with which the trimmings are to

be made, put them in the oil pipe, and find how many strands of

worsted in addition it takes to fill the oil pipe.

The making of plug trimmings is sufficiently explained in fig. 3.

Manifestly two loops of wire are required to each two strands ;

therefore, having discovered the
number of strands required, the

rest is a simple matter: only a
little nicety of judgment is

required in deciding on the

length of wire.

Fig. 4 similarly explains the
making of a tail trimming, and
fig. 5 shows how the tails may
be cut down until they are

reduced to the fevrest possible

that will supply the necessary
quantity of oil. This form of

tail trimming is distinctly pre-

ferable to that in fig. 6, which
is a type very often used.

Lubricators on the big ends
and eccentric sheaves should be
plugged to prevent the oil being

flung out, and for this purpose, if the lubricators are not made with
screw tops, or if the tops are lost (as is not unknown !), cane plugs can
be used, since, being porous, the cane allows the air to get into the
lubricator, and so prevents the oil from becoming air-locked and kept
from the bearings. For this reason cane plugs are better than cork.

9.

Test your gauge if by now pressure has risen.

10. Test brakes.

11. Clean the machine, taking the opportunity for further
inspection.

12. Clean and trim lamps, filling up with oil or carbide, etc.

13. Put away all tools and stores, going round and looking
under the machine to see that nothing is forgotten.

14. Fill up with fuel and water.

15. Give the engine flywheel one or two complete turns
by hand.

16. Gently start the engine, with the cylinder cocks still

open. Then, after making sure of any water in the cylinder

having been blown out, run the engine quietly in both directions.
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When steam is first turned on, get the warmer in the water
tank to work before starting the pump, as the introduction of cold

water into the boiler would mean local contraction of the plates

or the tubes close to the inlet or clack valve.

17. Load.
To get the best results, the loading itself must be carefully

performed, much depending on the design of the machine, the
nature of the load and its requirements, and the road surface.

The design affects the question, because it must decide the
weight on each axle, and the more unladen weight there is on an
axle the less margin there will be available for load thereon.

The load requirements, in so far as they influence the question,

are largely those of unloading. It may be necessary, for instance,

to put certain packages at the back, so that they may be convenient
for unloading before others, and in such cases the position of the
doors determining whether the car is unloaded from the sides, or

rear, affects the question.

Not only unloading requirements, but the nature of the
load may also come into the question

;
part of the load may be

light and bulky, part heavy, and it may be difficult to fit everything
in to give the best results. In general, however, the heaviest part
may be well forward of the back wheels, and in any case the driver

should avoid if possible having the greatest weight behind the
back wheels.

It is impossible to set up any hard and fast proportion of the
total weight carried by front and back axles respectively, but,

broadly speaking, five-eighths on the back and three-eighths on the
front give very good results. Much, however, must depend on
the weight on each axle when the waggon is unloaded, ancji on
the proportion of the load that is behind the back axle ; in other
words, the overhanging load. On big vehicles like steam waggons,
a certain amount of overhang is desirable, if the steeling is to be
easy, but on the other hand overhanging load conduces to side-slip,

so that a nice compromise has to be effected, and from this point
of view a proportion of four-fifths of the paying load within the
wheelbase is recommended.

The camber of the road, if excessive, tends to throw more of

the load on to the near side, assuming the car is being driven on its

proper side of the road, and for that reason some advocate thatsthe
near side springs should be made stiffer, so as to deflect less than
those on the off side, and so keep the load level. This, however,
means that on a flat or slightly cambered road, if the off side

v
springs

are of the right strength for their work, the near side are too stiff,

and cause bad riding. On the whole, the best course is probably
in any case, to have springs of equal strength on both sides, and
to drive for the most part on the crown of the road, or, if this is

impossible, to load slightly more heavily on the off side. The
necessity for this, however, is rapidly disappearing, as road
authorities have by now pretty generally come to recognise that
the excessive road cambers possible—and for drainage even

M
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desirable—in days of horse transport, are unsuited to the require-

ments of rpodern mechanical transport; consequently, as roads
come to be reconstructed, these excessive cambers are being
eliminated.

In some particular cases the softness of the ground surfaces

may be the determining factor of the maximum axle weight, and
this is especially the case where a machine has to work over unmade
roads, or soft ground, where there is a danger of the wheels sinking.



CHAPTER XXI.

ON THE ROAD.

OUT on the road the actual driving of the machine is made
up of two factors, practice and knowledge, but for the most
part practice must be based on knowledge. True, a man
by practice may be able to steer his machine most skilfully,

but, even so, without knowledge he will never make a good engine-

man ; his practice must be based on knowledge.
It is to the latter that we can at most direct any attention,

for obviously practice cannot be imparted by print, and even if it

could be so given, in the writer’s opinion it could only properly
be imparted by a man actually engaged in the practice of driving
day in and day out. The knowledge, however, on which practice

should be based is founded partly on natural laws, partly on com-
monsense, and partly on experience, and since the writer cannot
claim to be daily employed in driving, for the latter particularly he
would like here to make acknowledgment to the driver contribu-
tors of Motor Transport

,
who have so lavishly given of their experience

for publication to others.

When he gets out on the road the driver is faced with the pro-

position of moving his load with the minimum expenditure of fuel,

water, and oil, and at the minimum of risk, and wear and tear to
his machine, and of time. That is the whole business in a nutshell.

The Principles of Combustion.
Turning to the question of fuel economy, it will help many a

driver greatly, if he understands the principles of combustion,
and for these I would refer him back to the first chapter of this book,
where he will find an explanation of the how, why, and wherefore
of the burning of his fire.

Concerning Fuels.

But the purpose of firing is not merely to make or maintain
a nice fire

; it is primarily to make steam, and the ideal of engine-

manship is to maintain throughout as even as possible a pressure,

which should be just short of the blowing off point. Apart from
keeping the boiler free of scale, and buying the right sort of fuel,

this is entirely a matter of firing and working the water feed correctly,

and doing both in co-ordination with each other.

Beyond saying that firing should be by small and frequent
instalments rather than in large amounts at a time—and this in

spite of the undesirability of opening the fire-box door any more
frequently than can be helped—it is impossible to lay down any
hard and fast rules, for not only must these vary with the type of

fuel employed, but with the idiosyncrasies of the machine. In
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this, as in other things, driving is largely a matter of compromise.
Broadly speaking, one may say that in firing with Welsh coal you
have to anticipate further ahead than with more bituminous coals

like Derby, Notts, or South Yorks. The immediate effect of firing

with Welsh coal is to lower the pressure, and only after some ap-
preciable time, when the coal is well alight, does it begin to have
effect on the gauge needle. With the more' bituminous coals, how-
ever, the effect of firing is much more rapidly seen. Again, bitu-

minous coals will want far more cleaning, and with coke a deeper
fire is generally desirable, though on this matter—the form of the
fire—it is particularly misleading to suggest any definite laws

;
most

drivers prefer a none too thick rather hollow fire, but some machines
do best with a thicker fire, and others again like it .piled up towards
the back. A concave form of fire, or one piled at the back or front,

is more or less self-feeding, since the coal tends to roll towards the

centre, and the piling up of the coal round the fire-box walls protects

them from being chilled. It is in finding out points like this that

the art of enginemanship comes in.

Like everything else, firing is a matter of compromise. Do
not allow the bars to get choked with clinker, but on the other hand
avoid using the fire-irons as far as possible, and when cleaning

the fire, leave sufficient on the bars to prevent chilling of the fire-

box or destruction of the fire.

Firing and the Water Feed.

Whatever the fuel, however, take care to allow enough air to

enter the fire-box from underneath the fire. A great many drivers

do not make as much use as they might of the damper or ash-pan
door

;
on the whole, it is better to work it too much than too little.

As regards the water feed, as far as possible avoid raising the
water level when the steam pressure is low

;
otherwise the fire may

have to be forced with the jet. Also, as far as may be, avoid firing

when t;he engine is pulling hard.

More Notes on Oil Economy.
A great part of the oil economy is effected in the shed, when

the engine is first oiled up and the trimmings inspected and adjusted
before the beginning of the day's work. On the road, then, economy
will for the most part lie in regulating the supply to the steam chests

and cylinders, and here an enormous divergence of opinion will

be found among drivers as to the supply proper for these parts,

some drivers suggesting as much as twenty drops a minute, others

only two or three drops a minute. For the most part, however,
the writer is inclined to think that any hard and fast rule may be
misleading, for much depends on the conditions of working, and,
again, the sizes of drops vary so greatly that this unit of measure-
ment can at the best be regarded as rather crude. On the whole,

nevertheless, this may be said—-that drivers as a rule over-lubricate

the steam, and this in the long run is apt to lead to a deposit of
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burnt oil in the exhaust pipe tending to choke it up. Taken all

round, the best rule is to judge by results, and first ensure that

the pistons, valves and rods are properly lubricated. This will

soon show itself, and the driver can then feel his way in reducing
the supply, but let him not wait until the engine shows signs of

wanting oil. Probably about three * or four drops a minute to

cylinder and steam chest will give him the results he wants.

On Hills.

In ascending hills, as far as the firing is concerned, the hill

should be anticipated. Before ascending the driver should fire

up, but firing on the actual hill, especially if it be steep, should
be avoided, for if this is done when the engine is pulling hard, the
steam pressure will drop when it is most required. In descending
hills, too, unless the hill is very long the driver may fire somewhere
about the top, so as to have a head of steam ready by the time the
machine has reached the bottom.

The driver should also avoid putting water into the boiler when
climbing steep hills, but, of course, if the hill is very long, both
shovel and feed may have to be worked. In tackling the hill the
gauge should show at least one inch of water—more on some types
of boiler.

Qn coming to a hill the road surface should be considered,

and, if greasy, grit laid down, and in some cases the differential

locked, when the road is straight enough to allow of this. If the
driver does not think he can get up on top gear, in the writer's

opinion he should change into low gear before actually starting

’the ascent, though views on this point vary, some drivers advocating
a change on the hill before ‘the steepest part is reached. To my
mind, much depends on the hill. If there are ledges on it, so to
speak, the gears can be changed on these ledges, but otherwise
changing at the bottom is certainly the safest course with most of

the gear transmissions at present used on steamers. When changing,
too, it is advisable always to make a point of bringing the car to
a stand and holding it up with the brakes before changing, though
many drivers maintain they can change without stopping. Remem-
ber, if a driver misses his gear, in most steam waggons half his braking
power is gone in preventing the machine running back, which reminds
one to point out that when changing gear at the bottom of a hill the
driver should also ensure that his scotches are in working order.

Wlien going up hills it is well to make a practice of driving
well towards the left-hand side of the road and keeping a sharp
eye backwards for vehicles wanting to pass. The same applies in

descending hills, and here again the road surface should be carefully

considered.

While all drivers admit the use of the engine in mid-gear as
a brake, the general opinion seems against reversing, except in

cases of emergency, especially with chain transmissions.
If a trailer is hauled, its brakes should be applied and the low

gear used if the hill is the least bit dangerous.
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Pump orjlnjector ?

As to boiler feed, the pump generally will be found most Con-
venient when travelling, as it can be set so as to deliver to the boiler
a regular quantity of water, just sufficient for the constant require-
ment. If, however, a rapid feed is required, as when filling up at
night, or if it is desirable to reduce the steam pressure rapidly,
as it may be if the boiler is showing signs of blowing off in traffic,

the injector is much the more convenient. If the pump is not an
independent one of the Moore type, or if it is driven off one of the
transmission shafts, and therefore cannot be worked unless the
whole machine is moving, then too of course the injector must
be used when the machine is standing still.

The Working of the Injector.

Every driver should understand the principle upon which
his injector works, and for this I would refer him to Chapter VII.

Some causes of trouble are common both to pump and injector.

The working of both may be upset by grit or dirt in the water, or,

as sometimes happens, small bits of cinder and so forth, and both,
as we have seen, can be upset by the water being too hot.

The first of these troubles may be due to the dirt settling on the
cones or valve seatings; the last may be caused by too generous
use of the warmer, by the water lifter blowing and heating the feed
water, or by the clack valves leaking and allowing steam to blow
back into the water.

If the trouble occurs with an injector, which works at first,

but fails after a short period, it may be due to the injector itself

becoming too hot with the steam, and this will probably be due
to the proportions of steam and water being upset—too much steam
or not enough water. The steam cone may be cut, the water pipe
or cone obstructed or scaled over.

This proportioning of the two supplies may cause the trouble,

for if there is insufficient water to condense the steam properly, or

if there is too much water for the steam to lift, obviously the working
may be upset. Finally, if the steam is too wet, there will be in-

sufficient condensation at the exit of the steam cone, just at the
point where it is wanted.

If the injector is troublesome to start, the defect may be due to

a leaky steam valve, or to the injector being too close to the boiler;

some injectors are fitted at the back of the fire-box, which is rather

a hot position.

When the cause of the heating is known, the remedy is easy,

though on the road it may not be possible to effect it at once, but
a temporary remedy can be found by throwing cold water over
the offending pump or injector.

When an injector or pump fails, the first systematic steps should
be to make sure that there is water in the tank, and in case of an
injector to see that there has been sufficient steam to work with.

Again, it may be due to the injector water cock being loose and
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becoming shut owing to the vibration. The careful driver, too,

will keep an eye on his strainer.

Roughly speaking, the prevention of these troubles lies in

preventing the entry of foreign matter in the water supply by keeping
the strainers in good order and clean, by keeping all valves and
pipe connections absolutely tight, and cones clean. At regular

intervals the cones should be removed, and if there is any sign of scale

on them, they should be placed in a solution of one part of hydro-
chloric acid to ten parts of water. The scale will then become quite

soft, and can be scraped off with a wooden edge ; wood should
be used, and not metal, for the bores and nozzles of the cone must
be preserved most religiously. For the same reason, too, if a bit

of cinder or other matter gets in between the cones and upsets

the working of the injector, as sometimes happens, drivers attempt
to push the obstruction through with a bit of thin metal rod, but
this should only be done in real emergency—the cones should really

be withdrawn, and the obstruction removed.
In working an injector, the water should first be turned on

fully, and only then should the steam valve be opened wider and
wider until the flow of water at the overflow ceases.

* The matter of injector position, already mentioned, is one of some
importance from more than one point of view. Personally the
writer believes strongly in placing the injector in not too hot a place

below the level of the tank, for there is much virtue in having the
injector always flooded, because in that case any leakage in the
suction pipe will not stop the working, while, if the injector is

above the tank level and the suction pipe is consequently not always
full of water, but only filled when the injector is working, air may
be drawn in through a leak, and this destroys the working of the
injector. Again, with injectors high up, very excessive jolting

may upset the working by breaking up the stream of water, so to

speak, but this does not happen in an injector that is always flooded.

Injectors or pumps sometimes fail owing to the rubber con-
nections between them and the feed tank* becoming perished, and
loose rubber being drawn by the suction so as to choke the feed

pipe. Other possible causes of injector failure are choking of the
cones, or, if the injector has been at work for a long time, the cones
having become worn to too large a bore by the friction of the steam,
water, and any suspended matter they may contain, passing through
the cones at such tremendous velocity, for steam by its very velocity

can cut—and incidentally that is why it is bad practice to lift the
safety valves, unless it is absolutely necessary, for the rushing
steam is apt to cut the valve seatings.

It is inadvisable to work pump and injector simultaneously.

Fuel and Water Consumption.
It is impossible to quote any hard and fast consumption figures,

since these are dependent on so many factors, such as the nature
of fuel and road contour and surfaces, the amount of load and the
conditions of working—whether there are many stops, or whether
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there is much waiting about for loads, etc. Still general figures
of average working, under average conditions, may be given, and
in Motor Transport the opinions of various drivers were recently
obtained on this matter. The question put was as follows :

“ What, in your opinion, is a fair average consumption of fuel
and water for the following vehicles on average give and take roads ?

(1) A3 ton steam waggon on rubber tyres, averaging sixty miles
a day, and a mean load of 2 tons for the whole mileage. (2) A
5 ton steam waggon on steel tyres, averaging thirty miles a day,
with a mean load of 3 tons for the total mileage. (3) A 5 ton steam
waggon on steel tyres with trailer, averaging twenty-five miles a day,
and a mean load of 4 J tons. (4) A steam tractor, averaging thirty
miles a day, and a mean load of 3J tons. By average consumption
we do not mean the consumption that can be obtained when the

machine is new, or when it has got so rough ' that it is time to give
it a repair, but the consumption that reasonably can be expected
from year in and year out working

;
neither should the figures be

those obtainable by a very first class or a very bad driver, but from
the working of just the average man."

Broadly speaking, the consumptions given by drivers for these

cars were as follow :

3 ton steam waggon on rubber tyres, averaging sixty miles

a day, mean load 2 tons
;

6 lb. of coal a mile, 5 gallons of water
a mile.

5 ton steam waggon on steel tyres, averaging thirty miles a
day, mean load 3 tons

;
10 lb. of coal a mile, 7 gallons of water

a mile.
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5 ton steam waggon on steel tyres with trailer, averaging twenty-
five miles a day, mean load 4I tons

; 13 J lb. of coal a mile, 12 to 16

gallons of water a mile.

Steam tractor with trailer, averaging thirty miles a day, mean
load 3^ tons ; 13 J lb. of coal a mile, 14 to 18 gallons of water a mile.

One contributor points out that a superheater, if kept clean

and free from soot, will have a marked influence on the consumption
of water, as also should a feed water heatei.

Engine Working.

But to ensure economy of fuel and water, firing and the water
feed are not the only points to be observed, for these depend quite

as much on engine working.
If the engine is compounded, the driver should make a very

strict rule not to use the auxiliary or intercepting valve, except at

starting or in emergency. But again, in engine working it is im-
possible to lay down any hard and fast rules : doctors differ, and
so do drivers. Still, speaking generally, one may advocate using
the notching-up gear as much as possible, though this can be done
certainly less on a compound than on a non-compound engine, seeing

that without any expansive working made possible by the valve,

the compounding of the cylinders affords- expansive working to a
large extent. Generally speaking, however, we may say that,

up to a point, with a fair load we can work on the notching-up lever

alone, but beyond that point for lighter loads it is as well to combine
the regulator working with that of the notching-up, for it is not advis-

able to notch-up an engine beyond a certain point. Therefore, if

the notching-up is not enough, the regulator should be brought
into action to wire-draw the steam a bit—that is to say, to throttle

down.

In Traffic and Among Houses.
When going through towns it is as well to keep the boiler pressure

151b. or 20 lb. below the blow-off point, unless the town contains
very exceptional hills. In the open country, however, the steam
may best be maintained just short of blowing-off point. In passing
thatched houses or inflammable goods, too, the wise driver will

ease his blast, if the engine is pulling hard, and shut down his damper
to reduce the risk of flying sparks.

A Driver’s Senses.

While the engine is running, all the senses of the practised
driver are on the alert. He will listen for knock, and his nose, as
well as his ears, will warn him of a hot bearing, for which the writer
has found a mixture of blacklead, oil, sulphur, and tallpw affords

an excellent treatment.
Again, for instance, the writer has come across several cases

of bad steaming, which have been explained by a choked exhaust
pipe. The constant flow of oiled steam up this pipe, combined
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with the action of the smoke-box gases, tends to leave a deposit
or sort of incrustation on the inner surfaces of the pipe, and if this
action goes on long enough, the incrustation becomes thick enough
to lessen materially the diameter of the pipe orifice, and thus the
exhaust is partly choked. This might be detected by the observant
driver critical of the sound of his exhaust.

It is also very important that the exhaust pipe should be dead
plumb with the chimney, for if the exhaust steam strikes against
the side of the chimney in any way, it may affect the steaming of
the engine.

Knock.
If the engine knocks very badly, the position can generally

be located with tolerable accuracy, but if the cause of the knock is

not to be found in any loose bearings, it may be due to the nut
securing the piston on its taper having shifted slightly on its thread.
If between nut and piston there is merely sufficient space just to
see daylight, it will be enough to cause a ,very* bad knock.

On Slippery Roads.
One of the greatest troubles in road motor haulage is afforded

by snow and ice. When snow is on the roads avoid, as far as possible,

the use of trailers
;

handle the regulator very carefully, using the
low gear on bad places

;
observe a very moderate pace, so that

a gentle brake application will suffice to slow or stop the vehicle
without skidding

;
keep to the crown of the road as much as

possible
; and lock the differential if necessary.

In going up a hill it may be that the wheels refuse to bite, in

which case, if a rope is secured fast to a tree, or some very substantial

fixed point, and the other end wound round one of the driving

wheels, so that any tendency for the wheel to drive the vehicle

in the required direction tends to shorten the rope, one may some-
times “ get to the top ” when all other means fail. On tractors

special winding drums are fitted for emergency working by this

method, and I should like to see them on steam waggons that do
trailer work.

Sideslip.

Among the troubles due to winter weather, about the worst
is sideslip. In this case prevention is better than cure, and there-

fore, when running, as far as possible keep the wheels on each side

of the road camber ;
take corners and curves slowly

;
avoid as

far as possible any sharp swerves in traffic
;
maintain a speed that

does not necessitate sharp use of the brakes. In going up hill use the

low gear, and run as slowly as it is possible to do without undue
risk of being brought to a standstill ; also watch the wheels for any
slipping, and if such occurs, sprinkle sand, grit, or ashes, under
the wheel treads. The throwing down of grit, or ashes, under the

wheel tread presupposes the presence of a driver's mate. In any
case, mate or no mate, a much handier arrangement is to have
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a sand box with the delivery pipe led downwards, so as to distribute

sand under the wheel tread for the full width of the tread, with the

flow of sand reasonably regulable from the foot plate. In descending
hills go very slowly and cautiously, and if a trailer is being hauled,

make sure that the trailer brakes are effectively applied.

In going down hill under conditions of slippery roads, there is a
good deal of difference of opinion among drivers, some maintaining
that the vehicle should be kept as far as possible to the crown of

the road, others that it should be run to the side so that the edges
of the wheels may press against the kerb, and thus an additional

braking force be applied. In view of the possibility of lamp posts,

orderly bins, and such like things being damaged by any projecting

part of the vehicle when rubbing against the kerb, and of the diffi-

culty in using the steering lock if the front wheels are brought against

the kerb, the writer would strongly suggest that the latter method
only be adopted in emergency.

At the End of the Journey.

At the end of the journey, or when opportunity offers, clean

the ashpan of cinders, and sweep the tubes, for a clean fire cannot
be expected if the tubes are choked up, or if air cannot come in

underneath the fire-bars.



CHAPTER XXII.

DRIVER’S GARAGE REPAIRS.

On Fitting Gauge Glasses.

E
VERY driver should know how to pack a gauge glass. Some
men when putting in a glass do not remove the top plug,
but prefer to put in the glass by first inserting it in the top
column, pushing it up as far as the plug will allow, and finally

cutting the glass to a length which will just allow it to clear the top
edge /of the bottom column.

Now the vast majority of gauge glass leakages are caused either
by glasses being too short, or too small, in diameter, and with the
foregoing method of inserting the glasses the former of these causes
is introduced. Glasses fitted like this are nearly always too short.

For instance, suppose a glass has been fitted in this way and the top
end comes a quarter or three-eighths of an inch below the shoulder

that forms a seating for the rubber washer : it is

clear that in packing up the union nut the rubber
washer may easily be forced over so as to cover
the end of the gauge glass, and in any case there
can be no proper joint. For this reason a gauge
glass should be put in front the top. The risk

of choking the ends of the glass, however, can be
obviated by the use of rubber cones in place of

rings, the principle involved being sufficiently

explained by the accompanying sketch (fig. i), in

which A is the gauge glass and B the rubber
cone. This form of packing can be obtained, I

believe, from Messrs. Hopkinson and Co., of

Huddersfield.

Another mistake which is frequently made is to tighten the top
union first

;
this will nearly always lift the glass off its seating in the

bottom column, which has much the same effect as if the glass had
been cut too short. In this also there is danger that the top end
of the glass may be lifted sufficiently high partly to foul the water
way into the boiler, though this is not very likely

;
still it is a point

that wants watching.

When a new gauge glass is fitted, the nuts should not be screwed
too tightly at first, but should be adjusted just to hold the glass

firm : then, as the steam makes the joints more pliable, they can
be followed up about every hour, for two or three hours, and this

will bed the packing rings well on to their glasses.

When a new glass has been fitted, it is advisable to open the

top steam cock very gently, and allow steam to blow through very

Fig. i.—

C

onical rubber
packing for gauge
glasses.
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gradually to warm the glass up. If both top and bottom cocks
are opened without the glass having been previously warmed, it

may break and fly.

If no tools are available for cutting a gauge glass to length,

wet the head of a red-headed match, and with it mark a line around
the inside of the glass where it is to be cut, rubbing the match head
well around

;
then strike another match and hold it on the outside

of the glass at the point marked, and the glass will break away at

the required point.

Gland Packing and Adjustment.

Among the mechanical duties that from time to time have
to be performed, the adjustment and packing of glands is one pre-

eminently pertaining to the driver.

To keep the glands steam-tight, wear on them should be re-

duced to a minimum ;
therefore, see that the packing is well lubri-

cated, and that both piston and valve rods and the steam are kept
well oiled : also that the crosshead is not allowed any play between
the slide bars, or the valve spindle in its guides. To reduce wear on
glands the boiler, too, must be kept as free as possible from scale

and grit, and from priming.
The tightening of glands should not be done unnecessarily,

or there is a danger of getting them too tight, but if they are showing
signs of blowing, well and good

;
give them attention' But in

doing so make sure that both sides, top and bottom, are tightened

up equally, so that the gland is not thrown on the cross with the
rod owing to maladjustment, for if so, undue wear of the packing
will be caused, if not a hot piston rod, and the trouble to the packing
is likely to involve entirely new packing : also it may cause wear
on the gland, or scoring of the piston rod.

When glands are blowing seriously they should be repacked.
To do this with the usual hemp packing, unscrew the gland studs,

take out the gland and old packing, but before repaqking see that
the bush is a good fit. Next find as accurately as possible the length
of packing that will just form a single ring around the piston rods,

so that its ends just do not meet when the packing is held round
the rod. When this is compressed in the gland, its ends will then
just meet. Having ascertained the right length, which probably
may be learnt from the old packing, cut as many of these rings as

is necessary for the gland (probably three will be enough), treat all

with thick cylinder oil, and press each separately into the stuffing

box with a piece of wood, making sure that each ring is pressed
equally all round, so as to stand as nearly as possible square with
the piston rod, and taking care that the joints occur at more or

less opposite points around the circumference of the rod. The
gland can then be inserted and screwed up, but care must again
be taken to see that it is screwed up on the square. Also, if it is

an engine gland, it should not be tightened too much at first
;

it

can be tightened when steam is up and the engine is hot
;

so for

the time being it will be enough to run the gland stud nuts up as
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tightly as they can be turned by hand only. Then, before gently
running the engine under steam, pull the flywheel round by hand
to see that all is clear. The preliminary running will wear the
gland in a little, while the heat will expand things, so that when
the engine is stopped, the gland can be tightened up until it is steam
tight but still easy working. Never tighten up gland studs when
the engine is working, although this foolish practice is frequently
performed, and by men who ought to know better.

If by mischance a driver is faced with the necessity of having
to repack a gland on the rod without any proper packing available,

certain* substitutes can be used effectively. Possibly the old gland
packing material may be used, treated liberally with tallow or

thick oil : other substitutes are tow, spun yarn, hemp,, cord or

rope, old wipers, cotton waste, or, indeed, pretty well any cloth.

All these should be liberally treated with tallow, oil, or both, but
if old cotton waste or wipers are used, care should be taken to ensure

that these are, as far as possible, free from grit. Asbestos in sheet

or string form can also be used in emergency—this, too, should
be thoroughly treated with oil before using.

When a gland packing fails, the first job is to remove the old

packing, and this is sometimes done by using the steam pressure

to blow the packing out, but, if this course is followed, a screen

should first be rigged up to protect the motion.

Pump Glands—a Possible Symptom.
If the pump glands show a rapid tendency to leak, which cannot

be cured however often or carefully they are repacked, the trouble

will probably be found due to obstruction in the pump delivery

pipe, which has possibly got furred up.

Water Feed Appliances.

If a pump itself is out of order, the trouble may be due to an
absence of vacuum, through suction or delivery valves being choked,

joints out of order, water too hot, or plunger badly packed or worn.

See that the steam valve for the

water lifter is fairly tight ;
otherwise

steam leaking past it may make the

water in the tank unusually warm, and
as a consequence the injector may fail

to work.
Screw-down stop valves, such as

are used on injectors, for instance, require

careful attention from time to time.

Some years ago a driver gave in Motor
Traction the cause of trouble in this quar-

ter, which many a man might find rather

hard to explain, if it happened to him
without knowing of this experience. The

trouble was that the injector was not delivering into the boiler, but

when the screw-down stop valve was disconnected from it, it worked

Fig. 2.—Section of a steam stop
cock which, owing to the breakage
of the pin at A, caused trouble
which was rather puzzling.
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well. The cause was ultimately found at the stop valve. The driver

suspected that the pin at A (fig. 2) had sheared in each case. The
steam when first admitted from the boiler would lift the valve off its

seating, but as soon as the steam had passed the valve and equalised

pressure on both sides of it the valve would drop again on its seating.

Suspecting this, the driver slackened the unions, and turned the

stop valve round so that it was upside down, and the valve thus

naturally dropped off its seating by its own weight. With the stop

valve in this position he turned steam on again, and found the injector

to work perfectly—-thus proving his suspicion. Having discovered the

cause of the trouble, it was, of course, a simple matter to remedy.

Extemporised Jointing Materials.

If a flanged steam pipe joint fails and no proper washers or

packing are available, quite effective improvised joints may be
made with washers cut out of paper—^preferably thick, and in two,

three, or more thicknesses ;
cardboard is still better for the purpose.

These should be treated with paint, any thick oil, or with tallow and
blacklead, or grease and blacklead

;
while American .cloth, or even

close woven sacking, or a bit of overall, if treated with graphite and
oil, also offer possible substitutes, as does sheet lead or sheet copper.

The Care of Wooden Wheels.

Elsewhere in these articles it has been stated that wooden
wheels, if they can be properly maintained, are perfectly satisfactory,

and in view of the prevalent American practice of using wood for

wheels, and the shortage of certain classes of steel wheels, the follow-

ing points may be of service to many for keeping wooden wheels in

good order
: (1) Keep tight all bolts and nuts. (2) Keep well painted.

(3) If any joints tend to open ever so slightly, paint over with red

lead well brushed into the crevices. If an air brush can be used,

so much the better. (4) Rub over occasionally with linseed oil.

(5) Do not allow to get too dry
;
wash over when possible, or hang

damp sacks over the whbels. (6) Drive slowly oyer setts or over
vibrating surfaces. (7) See that the wheels are kept parallel.

Wheel and Tyre Alignment.
Although with steel tyres correct alignment of the wheels is

a matter of importance, with rubber tyres it is much more so, and in

view of the greatly increased use of rubber tyres with steam vehicles,

and the possibility that the steel tyred steamer may in a few years
become a thing of the past, a method for ascertaining the correct

alignment of wheels and axles is very necessary.
We may do this by stretching a line between two trestles,

say, in such a way that it lies flat along the face of one of the back
wheels

;
in other words, at the foremost and rearmost points where

the line passes across the wheel face it just touches the wheel, yet
not sufficiently to throw the line out of the straight. If preferred,

it can stand away from the wheel face an exactly equal distance
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at each end. This line then is secured to the trestle at the front

of the vehicle, the steering of which should be turned until the
front wheel lies also exactly parallel with the line. As the track
of the front wheels will probably not be quite the same as that

of the back, this will

mean that the distance
from the line to the
wheel face at A must
be the same as that at

B in fig. 3.

On the other side

fix up another line

parallel with the face

of the other back
wheel. It should then also be parallel with the face of its front

wheel without alteration to the steerage. In waggons fitted with the
Ackermann or motor car form of steering, however, the wheels are

sometimes given the slightest splay inwards so that the foremost
points of the wheel circumferences are about -^in. closer together
than the rearmost points. Therefore, if there is only so much
divergence on a waggon of this type, it is perhaps best not to
treat it very seriously.

Having now got our wheels parallel, we must measure the
distance from front to back axle centres. On either side the dis-

tance should be absolutely the same
;

if not, front and back axle

are not parallel with each other. It may be that the front axle

is bent, in which case it can be tested by laying a line or straight

edge along it. However, the probability is that the back axle is not
square with the frame

;
in all likelihood, owing to faulty adjust-

ment of the radius rods for chain tension. To decide whether
it is on the cross we must check it with a line stretched across 'dead

at right angles to the side lines to which the wheels are set. _ To
do this, fix the cross line to some
point so that it lies on top of the

checking lines seen in fig. 3, and is

practically in the same plane. We
must not tie the cross line to the side

lines, for that would throw them out
of truth. Now on one of the side

lines mark off very accurately, from
the point where the cross line cuts

across it, a distance exactly equal to

3ft., as at A, Ai (fig. 4), and along the

cross line mark off a length equal
very exactly to 4ft.

,
as at AC. Then,

if the cross line AB is square with the side lines, the distance from

A 1 to C will be exactly 5ft. If this is not the case, the B end of

the cross line must be moved round until AC equals 5ft. Great

exactitude is necessary with these measurements, but if accuracy is

observed, the line A and B will then be dead square with the side

Fig. 3.

—

Showing how a line can be laid for checking the
parallelism of the wheels.
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lines, and the distance of the axle centres at each end can be checked
from it with confidence. Where large numbers of cars are kept,
it may pay to keep special trammels, such as the Dunlop Co. supply,
for checking wheel alignment.

Crosshead Wear.
On some crossheads adjustments are provided to take up any

wear and looseness, and care should be taken to see that these refine-

ments are used to the full. It should be realised that in a steam
engine the wear more particularly falls either on the upper or lower
sides of the crosshead, as has already been explained. Taking an
engine with the cylinders lying towards the front of the vehicle and
looking at it from the near side—if in forward gear the crankshaft
is rotated clockwise, the wear will for the most part fall on the
lower slide bar and on the under side of the crosshead, whereas, if

the crankshaft revolves in an anti-clockwise direction the wear will

fall on the upper sliding surfaces. One may therefore put it this

way : on a chain-driven three-shaft or a gear-driving four-shaft
machine, the direction of engine rotation being clockwise, the greater
wear will take place on the lower sliding surfaces

;
with three-shaft

gear drives, or four-shaft chain drives, the engine rotation being
anti-clockwise, the greater wear will fall on the upper slide bar
and crosshead surfaces.

Unless adjustments are provided on the crosshead, the taking
up of wear on it and the slide bars is a matter for very careful align-

ment, and should be done by a mechanic to whom directions for

doing the work should be unnecessary.

N



CHAPTER XXIII.

VALVE SETTING.

On the Value of Symptoms.

S
INCE this work is intended only for those working steam waggons
and tractors, this is not the place to enter into long disserta-

tions on the repairs of steam waggons. Nevertheless, it is

not easy to say where repairs end and maintenance begins
;

and if a vehicle is to be operated with satisfaction, it is no exaggera-
tion to say that maintenance is almost a bigger factor in the success
of working than is the actual running. It is, therefore, very desirable
to have a knowledge of the symptoms of disrepair, of some of the
more simple troubles involving the more generally required repair
jobs, and of what is wanted when the machine is stopped for repair :

indeed, for the driver working without any, garage hands to help
him, this knowledge is essential.

Dealing with these symptoms, first the writer would like to
accentuate the value of the ability to use these for diagnosing trouble.

A knowledge of symptoms, and what they mean, may obviate an
enormous amount of perfectly unnecessary overhauling, and in the
long run is bound to prove a very great labour saver. The driver,

or anyone responsible for machines like steam waggons or tractors,

should be always on the alert for symptoms.

Keeping an Eye on the Motion.

The senses of hearing and feeling can both be utilised for the
motion, and in part for the transmission, to detect any knock or

undue wear on bearings, but it is useless to give any definite ’limit

up to which wear on bearings may be allowable
;

it varies on different

bearings, and only experience can say exactly when brasses or

bushes require renewal. To the general user the best advice that can
be given is that as soon as the engine begins to make an undue
amount of noise and the vehicle becomes “ rattletrappy,” it is time
to obtain the opinion of an experienced man.

It is amazing the extent of wear which is possible on a steam
engine, but though a great amount of wear may be possible, it

is not generally expedient to allow it ;
regular repairs carried out

before the engine gets too rough mean, generally speaking, light

repairs ; but if the machine is allowed to go for a long time without
such attention, the repairs are bound to be heavy in the long run,

even though the first year or so they may involve no great expense.

Also, depreciation is more rapid under these conditions.

In this matter of frequency of repairs it is impossible to lay

down any hard and fast rule, but, broadly speaking, if the machine
is kept in good order from week to week, and any repairs and adjust
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merits attended to as soon as required, it is no bad rule to have it

in for repairs once a year, assuming, of course, that it does a reason-

able amount of work in the period.

Valve Setting by Ear.

But while there are certain parts that are visible and accessible,

there are others, such as the valves and pistons, which are entirely

out of reach, unless the considerable work of breaking cylinder or

steam chest joints is undertaken, and this we do not want to do if

it can be helped.

This is one of the cases where hearing comes in largely. It

is quite easy to tell by the beat of an engine whether the setting

of its valves is correct. If each beat is perfectly regular, well and
good ; but if one puff is louder than another, we may be pretty sure

that the valve setting is not correct. If a locomotive's valves are a
sixty-fourth or a thirty-second of an inch out, the fact can be told a
mile away, or more ; the engine goes puff, puff, puff,

puff. This
is generally due to one of the eccentric rods being too long or too
short, and with the exercise of commonsense it is not difficult to

ascertain which rod is the culprit, and what the -trouble is. If the
engine is running in forward gear, the forward eccentric rod is, of

course, controlling the valve ; if in back gear, the reverse eccentric

rod. A little further thought will tell whether the valve is too
long or too short, for if the abnormal exhaust is too great, and occurs
when the valve is moving away from the crankshaft, the rod is too
long ; if the valve movement at the moment is towards the crank,

the rod is too $hort.

The remedy lies in taking out the rod and handing it over to

the smith, who will, if the rod is too short, “ draw it out " slightly

under the hammer ; if it is too long, he will “ jump it up." It is

seldom, however, that a rod is sent out to inaccurate measurement,
but it may accidentally get bent, and have to be straightened.

Eccentric rods, nevertheless, should not be altered unless they
are wrong beyond doubt. The length of a suspected eccentric rod
should be compared with that of the other rods before any action
is taken.

Valve Setting.

Nowadays, though perhaps strictly speaking a workshop job,

every driver ought to know how to set his slide valves. As ^far as

possible this should be done with the engine in steam, and raised

as near as possible to the temperature at which it normally works,
for its expansion under the heat of the steam has a material effect

on the setting of the valve.

Having warmed up the engine, the routine for each suspected
cylinder is as follows : Break the steam chest joint, remove the
steam chest cover, and position the engine crank approximately
as indicated in the drawing fig. I, with the piston nearly at the
end of its stroke. We now want to find the exact dead centre
position of the crank, so on some fixed part—as for instance the
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channel frame—make a “ pop ” G with a centre punch to serve as

a centre for a trammel. Next measure with the greatest exactness
the amount by which the piston rod projects beyond the gland
face, or the position of the crosshead from a mark on the slide bars
or guides—it matters not which, so long as the position is deter-

mined with absolute accuracy. Outside callipers can be used for

this with care. Next with a trammel centred at G strike off the
arc of a circle on the rim of the flywheel, with the crank somewhere
in the region of its outer dead centre. We will suppose this has
been done at CD in the diagram, and that the flywheel has then been
turned round until the piston rod extends beyond the face of the gland
(or the crosshead is distant from the mark on the guide bars) by
exactly the same amount as previously, but on its inward stroke,

assuming that it was previously on its outward stroke. Again,

with a trammel kept at the same measurement, and working from
the same centre “ pop ” on the channel frame, we strike off the arc

of a circle as at AB.

Fig. 1.—Method of finding the dead centre for testing valve setting. In this illustration

the valve is shown approximately just opening to lead.

Use of Trammel and Callipers.

If the design of the engine permits, use the trammel now to

describe a circle, or part of a circle, midway between the two edges
of the side face of the flywheel rim. Let us call this curve EF and
accurately mark with centre “ pops ” where it intersects AB and
CD. Setting off with callipers from these points we can now strike

two arcs, shown at H, and by regulating the radius of the callipers

in doing this we can ensure that these two arcs come so close together

that they will enable the exact centre between AB and CD definitely

to be located. This will be the dead centre. If the engine does
not allow us to strike the arc EF with accuracy from the centre of

the flywheel, we must strike the arc with callipers from the machined
circumference of the flywheel rim.

With this point fixed we shall have little difficulty in setting

the engine on its dead centre by turning the flywheel rim until

the point of the trammel, still set to exactly the same distance as

when striking AB or CD, can fall exactly on this mark H.
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Both outer and inner dead centres should be marked by these

methods, and having done this, we must ascertain if the clearances

at each end of the cylinder are approximately the same ;
if not

we shall have to allow for this. To find the amount of clearance

at each end measure from some fixed point (say the face of the
piston rod gland, or the end of the slide bars) the distance between
it and some fixed point on the crosshead, when the crank is on its

dead centre. Then disconnect the crosshead from the small end
of the connecting rod, and by hand, push the piston to the extreme of

its travel at that end of the cylinder. Now measure the distance
from the previously taken fixed point, and the mark on the cross-

head again. The difference between that measurement and the
similar measurement when the connecting rod was coupled up with
crank on dead centre will represent the clearance.

Now place the engine with its crank on, say, the outer dead
centre, and with valve motion in full forward gear measure the
exact amount of port opening to the end of the cylinder that is just

beginning to take steam
;
this will be the end nearest to the crank-

shaft. This amount of steam opening at the beginning of the stroke

is known as " lead.” Then put the engine with its crank on the
opposite dead centre and measure the valve lead

at that end. Assuming that the clearances at
each end of the cylinder are similar, this lead

should be the same at each end of the cylinder
;
if the

clearances are not equal, the cylinder end with the
larger clearance should be given an approximately
proportionately larger lead, but in small engines Fig. ^.-Explaining the

for road vehicles this point is not likely to crop up. method of accurately

We next put the link motion in full back gear and ^Tni^by widget
test again as a check on the previous proceedings.

The openings for the lead are best measured by accurate taper
wedges, the extent of the port, or valve openings, being indicated

by the depth to which each wedge can be inserted in the opening with
one of its faces against a square, as in fig. 2. If the leads are not
equal or proportionate as required, the position of the valve must
be adjusted. I say the ” position of the valve,” since it is only
after an overhaul, involving the removal of eccentric sheaves, that
the position of the eccentric on the crankshaft would enter into

the question, though the same method of valve setting can be em-
ployed to determine the angular position of the eccentric sheaf

on the crankshaft.

Having tested the valves for lead, we must now test for cut-off ;

that is to say, we must see that the cylinder cuts off its steam supply
equally to each end of the cylinder, so that it does not cut off rela-

tively later on its forward than on its back stroke.

To do this let us turn the flywheel round until the valve just

cuts off steam on its outward stroke with the valve gear in some
definite position, say in full forward gear. Then do similarly on
the return stroke, in each case carefully measuring on the piston
rods, or its guides, the distance from the beginning of the stroke to
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the point of cut-off. In each case back and fore should be the same
;

if not, the position of the valve should be adjusted.
This test should be carried out both in forward and back gear,

and if it has been necessary to adjust the cut-off, we must go back
and check again for lead, until by checking and counterchecking for

lead and cut off, we finally get the valves accurately set to give
similar leads and similar cut-offs on each stroke.

This method of valve setting should be first applied to the high
and then to the low pressure cylinder, and the same applies to the
testing of valves and pistons, the condition of which, by using intelli-

gence, may be ascertained, within limits, without seeing them. If

they are steam tight, that is all that is necessary
; if they are not

we want to know the fact, and to know which piston or valve
is defective.

A Superstition about “ Lead.”

There is a prevalent superstition among some drivers that to

give an engine more lead at the front than at the back end is an
advantage in ascending hills, and under the force of this superstition

drivers have been known to alter the setting of their valves after

they have been correctly set in the shop. It may be that by now
the superstition is dead ;

in any case it is not common, but if valve
setting is found necessary when it is known that the valves have
been correctly set in the shops, this may be the clue to the cause.

The writer cannot pretend to explain the origin of the superstition,

but it certainly used to exist, and may do so still.
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THE TESTING OF VALVES AND PISTONS,

Valve Laps and Outer Port Bars.

T
HE tests to ascertain the steam-tightness of pistons and valves
by using intelligence may within limits be carried out as

follows : first on the high pressure, then in the case of com-
pounds on the low pressure cylinder, the auxiliary valve

being opened in the second case. With the crank on tbp or bottom
centre, and valve motion in mid-gear, steam can be admitted very
gently after the transmission pinions have been put into the high
speed, the brakes put on
tightly, and the vehicle

carefully scotched. The
valve will now be in

mid - position, covering'

both ports, and with its

laps extending over the*

outer port bars, as in

fig. i. If, then, steam
can get into either end
of the high pressure

cylinder, it will show
itself at the cylinder

cocks, which should be
open for this test. If

steam shows, it is evi-

dent that one or both of

the valve laps is defec-

Fig. i.—

T

esting valves and pistons
;
valve in mid-position

to test laps and outer port bars. Reference lettering

in this and the two following illustrations is similar, and
is explained in the text.

tive, or one or both of the outer port bars ; which valve lap, or

port bar, it is we can easily tell when we see which end of the
cylinder is showing the leaking steam.

Inner Port Bars.

We know now whether the valve laps and outer port bars
are in good condition or not. To ascertain the condition of the
inner port bars we turn the crank round in the direction of forward
running, till it is approximately 45

0 beyond its inner dead centre,

and with the valve gear in full forward position we should then
have piston and valve in the positions shown in fig. 2. The outer
port bars and valves presumably being all right, leakage past B2 is

unlikely, and consequently, if steam blows up the exhaust, the proba-
bility is that it is leaking between the valve lap Bi and the inner
port bar Ci,
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Then by placing the crank 45
0 in advance of its outer dead

centre, and valve motion still in full forward gear, we can test the

‘steam tightness between the valve lap B2 and the inner port bar
* C2 (fig- 3)> anfi again

if we get any steam
leakage blowing up the

PTTI exhaust, the cause more
probably lies with the
port bar C2 than with
the valve lap B2, which
has already been tested.

Fig. 2.—Valve ^
Ci

;
also useful for testing piston.

Pistons.

fig. 2 steam has
free access to the Di
end of the cylinder,

,
therefore, the cylin-

der cock Di will have
be closed. If the

piston is leaking, however, steam will be able to pass into the D2 end,

and if the cylinder cock D2 is open, steam will be in evidence at

the cock. At the same time any such leaking steam, when it gets

on the wrong side of the piston, will be equally free to go up the
exhaust, and, therefore, a blow up the exhaust does nqt necessarily

imply a defective inner port bar, but any leakage of the piston

will probably be more in evidence at the cylinder cock. Moreover,
if the piston is leaking,

it is likely to leak

equally both ways,
and therefore, if we
get a leak in both the
positions in figs. 2 and

3, it is on the whole
more likely to be caused
by a leaky piston than
that both inner port

bars are defective.

Ip the average
engine we have two
cylinders to deal with
and the test had better

be applied to each in-

dependently.
The foregoing tests, though not comprehensive or conclusive,

may nevertheless, if intelligently applied, give a good deal of informa-
tion which may save much unnecessary overhauling work.
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CHAPTER XXV.

SHED DAY AND WASHING OUT.

P
REVIOUSLY it has been stated that success in the working

of steam waggons and tractors was achieved quite as much
in the garage as on the road, but the work that is done by
the driver, or garage hands, between each time that a vehicle

comes in and goes out, represents by no means all the work done
in the garage. Every week, or at least after every ioo hours in

steam, the machine should have a specially good overhaul and a

wash out.

Shed Day.
Shed day should be regarded as a most important occasion,

and should always be observed with the greatest regularity when-
ever possible, for, although the writer knows of drivers who boast
that their engine only requires a shed day very occasionally, such
practices certainly will not tend to long life of the boiler, and are

bound in the long run to cause trouble.

Boiler Examination.
The boiler, with its fire-box, is the most vital part of a steam

machine
; in fact, we may liken it to the thorax of the human ana-

tomy, containing the heart and lungs
;
the fire-box is the heart, the

boiler the lungs. Therefore on shed days some responsible person
should carefully examine the inside of the fire-box, and should
more particularly look out for any signs of bulging on the sides of

the plates, between the stay heads, especially along the line of the
fire level, and where dirt and scale are likely to collect. It is as

well, too, to test for broken stays by tapping each with a hammer.
The sound of a broken stay is quite distinct, for it gives a dull

sound quite different from the sharp ring of an unbroken stay.

If there is anything wrong, especially if there is any bulging of the
plate, or two or more contiguous stays are broken, lay the vehicle

off until it has been seen by a boiler inspector.

This weekly inspection need not, however, be made too exten-
sive an affair, for the boiler, and more particularly the fire-box,

should also be given a thorough annual inspection by a competent
boiler expert.

But the whole of the boiler should be examined, especially

the tube plates. It sometimes happens that steamers, particularly

those with boilers of the locomotive type, come in with cracks in

the tube plate across the " bridge ” between the tubes. If this is

the case it would be as well to enquire what the driver has been
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doing, for this trouble is sometimes caused by drivers trying to
tighten the tubes in the tube plate by driving taper pins, or drifts,

into the mouths of the tubes. Leaky tubes should only be touched
in this way by a skilled mechanic when the machine is urgently
required, and a proper tube expander is not available, and if a drift

like this is used, the taper should not exceed half an inch in the
foot, and should only be used with quite light taps of the hammer.
This is where the difference between skilled and unskilled labour
appears, for the unskilled man hits the drift heavily with the results

already suggested.

Washing Out.
Then comes the chief function for which the shed day exists

—

washing out. To do this carefully break all mud cover joints,

and the manhole joint, if the boiler has one. If possible use copper
washing-out rods, or rods lapped round with copper, to prevent
the rods damaging the screw threads of the mud plug holes. For
some boilers it may be desirable to have two or three hose nozzles.

Of these two are bent, the other a short straight nozzle. The first

of the bent nozzles should be about 8in. long and made of fin. gas
pipe, with the end turned sharply upwards. This will be found
very useful for insertion through the mud holes at the foundation
ring to direct the water upwards along the sides of the fire-box.

The next (which is particularly suited to the locomotive style of

boiler), with its delivery end similarly bent, can also be of gas piping,

and should be about 6in. longer than the whole length of the boiler,

for insertion through the wash-out plug hole in the smoke-box
tube plate, so that it can direct the water from the top down the
back plate of the fire-box.

In most fire-boxes it will be best first to go over the roof with
a hose, assisting with a scraper. This will bring the scale down
the sides to the foundation ring, where it can be drawn out through
the mud holes. Through these holes, too, the boiler should be
thoroughly washed out upwards as far as may be, as well as along

the sides and ends of the fire-box. This is a point frequently not
observed ; men will wash along the sides but not upwards ; but
too much care cannot be given to the washing of this part of the

boiler, because it is here that the dirt most tends to accumulate
and the heat is greatest.

When the boiler is thoroughly washed out the fact is indicated

by the colour of the water coming out of it, and it should then be
examined with a lamp inserted on the end of a rod. As soon as

inspection is satisfactory, the joints should be carefully remade
(after any asbestos washers that need it have been well blackleaded

again) and the screwed plugs may be reinserted after being well

greased. These, however, should be put in by a responsible person,

for otherwise there is considerable risk of the thread getting crossed

and spoilt, to say nothing of the possibility of delay on the road

owing to steam escaping past the damaged threads. These plugs

need not be screwed in so appallingly tightly when the boiler is
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cold, for as the latter becomes warmed up it expands, tending to

tighten the screwed joint.

Looking after the Boiler Fittings.

If the driver is looking after the machine on shed day he, of

course, knows where to look for any defective boiler fittings, but if

the work is done by a shed hand, there should be some organised

system by which the driver reports in writing any defects that
he discovers in the working of his machine. In any case let the
garage hand carefully examine the fittings for any deposit left by
leaking water. It may be that cocks, or taps, are leaking and
require regrinding. This is done by smearing the plugs lightly with oil

and very fine emery, then replacing the plugs in their seatings and
turning them round backwards and forwards, lifting them frequently

to prevent the emery collecting and so cutting rings in the plugs

or seating. If the scoring of the plug, or its seating, has been bad,
and has entailed much grinding—possibly even skimming up in

the lathe—it may be that the plug fits lower than previously into

the barrel of the cock, and that consequently the shoulder at the
lower end of the plug has to be faced, or filed down, to allow the
washer to come up against the barrel. If the plug is put in the lathe,

it is as well to fit the barrel on to it, if possible while it is chucked,
and to face down as required, since it is much quicker to face it in

the lathe than to file it. But, having done so, we may be up against

another difficulty, for the plug may now be so far through the barrel

that its hole will not sufficiently register with the hole of the barrel

;

the plug hole may come too low relatively to the bore of the barrel.

The exact opening available may be found by testing with different

thicknesses of wire, or a wooden wedge, and it may be necessary
to drill or file out the plug further, so as to bring the opening in it

higher up. To do this the plug should be locked in the open position

in the barrel, if possible, and then drilled with the bore of the barrel

as a guide, so that the drill goes rather more than half-way through
the plug from one side. It should next be similarly drilled from
the other side, and the plug can then be taken out, and the remaining
burr removed with a round file. Otherwise, while in position in

the barrel, it can be marked with a scriber and filed out to the
marking.

Care of Feed Water Appliances.
Every week, too, the pump and injector check valves should

be carefully cleaned, and the cones of the injector examined. If

there is any deposit on them this should be removed, for which
purpose as strong a solution as possible of soda in boiling water
can be used, if the 10% mixture of hydrochloric acid is not available.
In dealing with these cones, .care must be taken not to touch them
with any hard tool which would possibly affect their diameter.

Once a week, too, after washing out, the driver should make
sure that the tank and strainers are perfectly free from mud and
grit. At the same time the tank should be thoroughly washed
out and the strainers also rendered thoroughly free from any deposit.
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Adjustment of Bearings.
Once a week, also, the driver will be wise to go over his bearings

and take up any adjustments that are required. The exact amount
of tightening, however, cannot be put on paper ; it can only be
acquired from the experience of practice. The shafts in the bearings
should turn easily without a suspicion of “ shake.’

*

Joints and their Making.
Flange joints may have to be remade, in which case generally

I would suggest their being remade in the same way as was the
original joint. If an asbestos joint has been used, then use asbestos

;

if red lead and cotton, then use red lead and cotton. If, however,
asbestos has been used on a joint subject alternately to dry and
damp (as in some cylinders or steam chests where the water is apt
to condense and drain on to the joint), there is sometimes a tendency
for the metal to get eaten away. Why it is so I cannot say, but I

have seen the cover joint on an i8in. cylinder eaten awayTo a depth
of nearly an Jin. If it is thought best to alter such a joint, or if

the material of the previous joint be not available, red lead and
cotton generally offer the best alternative, for, properly made, such a
joint is very sound.

Test the Steam Gauge.
From time to time the responsible man in charge of the garage

should make sure that the safety valve blows off at the pressure at

which the steam gauge indicates it should do—in other words, at

the red mark on the steam gauge dial.

To do this, when the steam is blowing off at the safety valve,

close the cock connecting the steam gauge with the boiler, and
allow the pointer to return to zero. Then open the cock and see that

the pointer rises quickly to the red mark. If it does not do so, the

gauge should be tested by an expert.

Supposing it is found that valve and gauge do not correspond,

and that the safety valve blows off above the correct pressure as

registered on the gauge, it is best to close the damper and set the

pump, or injector, to work until the blowing off ceases ; but if this

does not very quickly have the desired effect, smother the fire with

wet ashes, and have the matter at once seen to by a competent man.
Unless the gauge can be attended to at once, it is best to draw the fire,

for though in reality the difference may be so slight as to involve

no possible harm, it is a matter in which, on principle, no risks

whatever should be taken at any price. If the boiler blows off at

above pressure on the gauge, particular care should be taken.
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BOILER AND FIRE-BOX MAINTENANCE AND REPAIRS.

Blanking Tubes.

WHEN a tube is leaking badly, and it is not convenient at the

moment to withdraw it, it maybe desirable to “blank” it.

In this case a fin. rod can be cut to 2in. or 3 in. longer than
the length of the tube, and a right-hand screw cut at one

end and a left-hand screw at the other. Then two blanks, as in

fig. 1, can be turned up to a nice light taper fit in the tube, and
drilled and tapped for the rod. The projecting ends of these blanks

may be filed with faces so as to constitute an ordinary nut, or they
may be drilled with holes for a tommy bar. Personally, I favour
the latter process, for if it is adopted, the one blank, which should

be made a fixture on the rod before inserting the tube, can be screwed
into position, and the drill again run into the holes for the tommy
bar when the blank is in position : thus, if the point of the drill

is continued so as to drill into the rod itself, it

will have the effect of burring the metal over
at this point so as to prevent the blank from
shifting on the thread. Also, if the hole is drilled

deep enough, and the tommy bar inserted to the
full depth, the tommy bar itself will prevent
the blank from shifting on the rod. A right

and left-hand thread may be used on the rod with
advantage

; otherwise the drift, or blank, at the
one end will have to be held by one man,
while the blanking piece at the other end is

Fig x _a blank for
being screwed up by another. With the right closing the end of

and left-hand method, the blanking can be a defectlve tube *

more easily effected when the boiler is in steam.
Some men advocate stoving a hole through a blanked tube,

but this is perfectly unnecessary, and, indeed, undesirable. The
blank should be quite capable of taking the boiler pressure if the
walls of the tube break down, but there is no need to go out of one's

way to break down existing protections.

Ferrules for Leaky Tubes.
If a tube has developed serious grooving at the fire-box tube

plate, or if it has burnt thin, the Barron expanding ferrule may be
found handy, especially as this device can be fitted, if necessary, on
the road. This ferrule consists essentially of two members, the
larger or outer one nicely fitting the tube and tapered internally
to the inner one, which is correspondingly coned externally. From
each end of the outer member slots are cut so as to overlap from either
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end, and it is these slots that enable the outer member to be expanded
in the tube when the tapered inner member is driven up. Assuming
that the tube ends have been rolled in the ordinary way and cleaned
(especially to be free from oil), the inner cone is put into the tube
from the fire-box end, and pushed in far enough to give room

for the outer member
to be inserted. This
is placed with its end
flush with the tube
end, and is held up in

that position while the
cone is driven up from
the other end of the
tube. These ferrules

are supplied in sizes

varying by ^in., and
numbered according to

the number of thirty-seconds of an inch in their diameter
; thus a

ferrule of iin. outside diameter is No. 32, and so on.

Fig. 2.—Two sectional drawings showing the two component
parts of the Barron expanding ferrule, and the method
of applying it.

Drawing Boiler Tubes*
It may sometimes be desirable to draw boiler tubes : this

should not be done by anyone but a mechanic capable of splitting

up the tube end in the smoke box without damaging the tube plate.

Assuming such a man to be available, the job can be done without
a boilermaker, provided the necessary tube expander is available.

The old tube can be drawn as follows : Take a length of fin.

round rod, 4m. longer than the tube, and screw it at one end for a
length of 1 Jin., at the other for a length of 2 Jin. The end that is

screwed for the shorter distance threads into what is sometimes
inaccurately termed the drift, which is turned down to fit in the tube
for part of its length at the fire-box end, the rest being shouldered to

a diameter very slightly

less than the outside of

the tube—slightly smaller

than the hole in the tube
plate through which it

will have to pass when
the tube is withdrawn.
At the Other end is a Fig. 3.—A simple method of drawing a tube,

stout nut, a washer, and
a piece of thick tubing, of sufficient inside diameter to transfer the

thrust of the nut to the plate around the tube. The pull of the nut
is thus taken along the bar to the drift, and thus to the tube, which
by the force thus applied to it, in conjunction with a few smart
blows on the so-called drift, is " started/'

At the fire-box end the tubes are generally beaded over, and,

therefore, the beading must first be chipped away before applying

this device, and in doing so care must be taken not to damage the

fire-box tube plate.
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Lagging in Inspection.
Some people recommend that the lagging should be removed

from the boiler every year. In the writer’s opinion this is rather

too frequent, but there is no doubt about th,e desirability of periodi-

cally taking off the lagging, for such a course not only enables the
boiler shell to be repainted and the heat insulating material to be
renewed where desirable, but it also affords a very necessary
opportunity for inspection, more particularly of joints and rivets.

Boiler Records.
It will be found a wise course to keep a record of all repairs

effected to the fire-box and tubes, and this can easily be done by
means of a diagram for each fire-box, on the lines indicated in fig. 4,

\

O

Taken out 15/3/ J 5

8
/5 /

*5
\

Failed
Blanked

17/4/ 16
.

25/n/. 16 o
3/3/ 17 •

Taken out 15/3/18

>. 8/5/18

„ „ 17/4/18
Snapped up 8 /5/19

14/4/20

Fig. 4.—Diagram of tube plate as a simple way of showing its history.

which shows the fire-box tube plate. The principle, of course,
should be extended to the sides, ends, and roof sheets, fig. 5 giving
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a rough diagram in which the intersection of the lines near the edge

shows the rivets, while the points of intersection across the plates

mark the position of the stays.

In this diagram one or two repairs beyond those indicated by
the signs have been introduced ;

for instance, the bottom left-hand
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Fig. 5.—Similar diagram recording the history of fire-box walls and crown.

corner of the near side plate has developed a crack which has been

repaired with what is called a " boilermaker's stitch," while the

off side plate near its centre has been patched, a^ indicated by
dotted lines. Both these repairs should only be carried out, however,

by a competent boilermaker—they are not matters for the garage

—

but, none the less, a record of them should be kept.



CHAPTER XXVII.

SOME NOTES ON OVERHAUL REPAIRS.

Machining Cylinders and Steam Chest Faces in Position.

WHEN cylinders first begin to show indifferent results, it

generally suffices to renew a piston ring or two, but the

time comes when they wear oval and have to be rebored.

The frequency of this business depends for the most part

upon the care the engine has received and the water it has used.

It is impossible even
to conj ecture or state

any hard and fast

period for it, but
while, of course, this

remachining of the
cylinders is a matter
for the repair shop,

it may be as well to

point out that the

owner of an over-

type machine may
often be saved ex-

pense by the repairer,

if the cylinders are

bored in position in-

stead of being taken down. For doing this there are special tools

which the repairer can either purchase or obtain on hire, and the
same applies to tools for facing up the surfaces of the steam chest
on which the slide valve works. Wm. Allchin and Sons, of North-
ampton, make such
a tool, which may
possibly save a great

deal of work : so also

do Hodges Bros., of

Exeter.

Removing Broken
Studs.

In a steam en-

gine there are so

many studs, and the
metal is so ample,
that a few hints on
removing broker
studs may be useful.

If the broken stud still projects a little from the hole into which
it is screwed, its projecting end should be softened if necessary, two

Fig. 2.—Another tool by Hodges Bros, for facing up the steam
chest faces without the need of cylinder removal. It is

shown in position on a steam waggon.

Fig. i.—A tool made by Hodges Bros, for reboring engine
cylinders without removing them.

O
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flats should be filed on it, and with careful manipulation it can then
sometimes be screwed out with the aid of a spanner, possibly with
the tap of a hammer on the spanner to start the stud.

If the stud be broken off flush with its hole, drill centrally in it

a hole of slightly less diameter than the stud at the bottom of its

thread, and drill this hole close down to the bottom of the stud ;

this will want careful drilling. Then drive the square tang of an old

file into the hole, and try and screw out the stud. If this method
fails, the hole will have to be enlarged to the tapping size of the
stud, and if the original hole has been correctly drilled, this will be
an easy matter, and the stud thread remaining can then be removed
by tapping it out.

Securing Slide Valve on its Spindle.
Before making the steam chest cover, make sure that the slide

valve, if of the ordinary D type, is free to move towards or away
from the port faces in its yoke or buckle, or, if secured with nuts
to the valve spindle, it should be free to slide between the nuts,

for if held tightly, it may be held off its seating and allow the steam
to blow through.

Drawing a Piston Rod from the Crosshead.
In steam engine design it is very usual for the piston rod end

to be tapered to fit into the crosshead, which is correspondingly
bored to a taper, and for the rod to be held tightly into the crosshead

by a cotter locked by a split pin. The principle is one of the inclined

plane right through—piston rod, cotter, and very often split pin, are

all nothing more than examples of the simple inclined plane or wedge.
Now, it is easy enough to remove the split pin and knock opt

the cotter, but when this is done it is sometimes found that the.

piston rod is stuck in its seating in the crosshead, so that it cannot
be withdrawn by ordinary means. Under such circumstances some
fitters, when the engine is in steam, will place the cranks and link

motion in position so that the piston tends to draw away instead

of push the crosshead. They then secure the flywheel, insert a
smaller cotter, or as large a tommy bar as possible, in the cotter

slot of crosshead and piston, and, finally,

cautiously turn on steam. The piston rod will

then probably draw out with a bang, but the
piston is saved from going too far and knocking
a hole through the cylinder cover by the
precautionaiy cotter or tommy bar.

This, however, is obviously by no means a
desirable method, and the best way is to have
a distance piece A (fig. 3) shaped to the end
of the cotter slot and cut away in the middle
to allow for movement of the piston rod end.
Then, with another packing piece at B, the

distance piece A can be made to form a fulcrum, from which a
tommy bar C can be brought to bear on the packing piece, and
thus to shift the rod backwards out of the crosshead.

Fig. 3.—A simple and
safe method of re-
moving the piston
rod that is stuck in
its seating in the
crosshead.
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Piston Rod Seatings.

If a piston or crosshead becomes loose on its rod, the trouble may
be caused by the taper being a bad fit. If this be suspected, the
piston should be removed, the seating of the rod cleaned, and the
seating of the piston smeared thinly and evenly with a film of red
lead and oil. The piston or crosshead should then very carefully be
placed centrally on the rod without, if possible, touching the rod until

it beds down to its seating position. All this time the piston rod
will be held firmly, and the piston or crosshead can then, if possible,

be turned so as to bed more thoroughly on its seating. If the
crosshead is then withdrawn, the marks of the red lead and oil will

show where it has been bearing on the seating of the rod. The
marking should show all along the seating

;
if only at one end,

the taper of the rod and piston do not correspond
; if in the middle,

one of the seatings is not straight. In any case, the matter should
be handed over to a mechanic.

The Principle of
“ Changing Over.”

If an eccentric strap shows signs of wear before the machine
requires to come in for repair, a temporary expedient may be adopted,
for naturally wear occurs on the strap that is subjected to the greater
use—in other words, on the forward eccentric strap—and this

when worn may be exchanged with the back gear strap.

Brasses that Heat.

It sometimes happens that the crankshaft or connecting rod
brasses, although apparently a good fit and well lubricated, are
inclined to run hot. Obviously the first thing is to discover the
cause. When the brasses have been removed, they may or may
not have been damaged by the heating. If not damaged, the
trouble may be that, although apparently the brasses are a good
fit, the journal is not ; it sometimes tends to get flattened just

where it takes the pressure of the steam, so to speak. Therefore,

test both bearings and journal. If there is no sign of anything
wrong in these directions, the trouble may have been caused by the
oil ways being choked or not being properly cut, or the bearings may
be gripping unduly hard on the radii at the corner, for the radius
is sometimes a neglected part of the fitting. In such cases the
brasses may be eased just sufficiently to enable them to bear only
on their parallel parts, though it is best to get a fitter to do this

properly. It may, however, be found that the brasses are bearing
on the radius only at one point, or very probably at two points dia-

gonally opposite each other
;

this is generally a sign either that the
crankshaft or connecting rod is out of square. Owing to a possibility

of trouble from this cause, a slight amount of side play in the bearings
is no bad thing. If there is reason to think that the connecting
rod and shaft are not square with each other, the engine should be
handed over to a mechanic t6 test properly for alignment, and
carry out any consequently necessary work.
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It is not the purpose of this book to give details of how a bearing
should be renewed or remetalled, because, if a man has not sufficient

knowledge and practice to do this work for himself, he had better

not attempt it. Such work should only be done fry fitters who know
their business, and in these articles we have to consider the matter
from the user’s point of view. From that aspect the writer would only
make one comment, and that is to suggest that bearings are too
frequently renewed when they might merely be closed up. Also,

as we have seen, any operations in the setting of valves should be
carried out when the engine is under steam, for the expansion caused
to the whole structure by the temperature imparted to it by the
steam has such a material effect that the setting of the valves, if

performed when cold, may be materially affected thereby. The
same applies to any adjustments on connecting rod brasses, eccentric

sheaves, and so forth. Supposing these are taken up when cold

and the engine structure then expands under the temperature of

the working steam, it requires little experience to realise that under
these conditions a rod adjusted to the right length when cold would
be too short when the engine was hot, and would tend to produce
larger clearances at the end furthest from the crankshaft than at

the end of the cylinder nearest to the crankshaft. The same remark
applies equally when adjusting or after the renewal of brasses : it

is a good policy to test the clearances of the engine, not only to

ensure a regular beat and a consequent steady draught on the fire,

but to ensure the safety of the cylinder covers.

Flywheel out of Truth.
If the circumference or the sides of a flywheel do not appear

perfectly unmoving when the engine is running—if they seem to

wobble—then the flywheel is out of truth, and the cause should
be enquired into. It may be that it is loose on its seating, or it may be
that the shaft on which it is mounted is bent

;
anyway, it should be

put right. Few people really appreciate the amount of power that

a flywheel can absorb when out of truth. Years ago a wbll authenti-

cated case was mentioned in Motor Traction of a steam engine which
was being tested for power to obtain certain technical data. It

was found that the results were not what might reasonably be
expected, but though it was seen that the flywheel was out of. truth,

it was hardly thought that this would upset the calculations. Yet,

in point of fact, this proved to be the cause, and when the fault

was remedied a difference of about i h.p. or'about 3% was discovered.

Repainting Surfaces Exposed to Heat.

Sometimes, after long periods of heavy work or repairs, the
paint gets damaged or shabby, and while the average owner cannot
be recommended to take on the job of repainting a machine, the
parts exposed to heat, which most often require treatment, are com-
paratively easy to deal with, the more so since they are almost
invariably painted a plain black. A good method of treatment
is as follows : Scrape off all existing paint on the part requiring
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renewal, thoroughly clean the plates, and then give two coats of good
quality dead black paint, followed by three of best black japan,
allowing all ample time to get thoroughly dry and set before steam
is raised ;

otherwise the heat will undo the whole work. An excellent

black japan for this purpose is sold by Wm. Harland and Sons, of

Merton Bridge Road, London, S.W.
Should time not permit of proper treatment, the smoke-box

and chimney can be made smart for a time. For this there are

various recipes. The surface can be treated merely with tar put
on with an ordinary paint brush while the smoke box is hot, two
coats usually being required to give a good effect. Another recipe

is half a gallon of coal tar, 4 lb. of tallow, and 1 lb. of plumbago,
boiled together and stirred during the whole time of boiling.

Laying a Machine out of Commission.
When a steam waggon or tractor is to be laid by without being

used for a month or two, the following hints may be useful. The
boiler should be emptied out, all mudhole covers removed, and the
pressure gauge should be taken down and stowed away, especially

if it is in winter time. If a machine is left sheeted up outside, the
top of the chimney should be covered over, for if the rain gets down
into -the smoke box, it sets up corrosive action at the bottom of the
box, and this tendency is more particularly rapid, if caused by
the contact of iron with damp ashes. All the bright work and
motion of the engine should be coated with a mixture of white lead

and tallow, or tallow alone, to prevent rusting
; this can be removed

easily at any time with oily waste. All worsteds should be removed
from lubricators of the syphon type, and all journals given a copious
supply of oil. It is not a bad plan to take this opportunity of with-
drawing the pistons, if only for examination, for if these are left

in the piston rings may rust and stick in their grooves, and when the
vehicle is again brought into working they perhaps may not expand
properly, and will allow steam to leak past them. If the slide valves
are of cast iron, or if you do not know their material, it is safest to
draw them too, and then the cylinder walls, steam chest walls, port
faces, piston rings, valves, and gland chambers can all be protected
by tallow. If opportunity permits, a drop of oil, too, may be applied
to the moving parts of the stop cocks, gauge cocks, test cocks, and
any other taps of the boiler mountings, to guard against their sticking.
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Pressure, Absolute 41
Pressure, Atmospheric 41
Pressure in Receiver . . . t 53
Pressure, Steam and Work 72
Pressure and Temperature of Steam 42
Pressure and Volume of Steam ... 41
Principle of Compounding 52
Pump, Feed Water 84
Pump, Feed Water for Tipping Gear 87
Pump, Feed Water, Troubles 77
Pump or Injector 83
Pump, Feed Water, Maintaining . . 203
Pump, Water, Principles of 76
Pump, Working 182

Pumps, Advantages and Disadvan-
tages 84

T>ADIAL, Valve Motion, Hack-AV worth 65
Radial Valve Motion, Joy’s 68
Ransomes Engine 126
Receiver, Pressure 53
Records, Boiler 207
Restarting Injector, Self-acting ... 79
Rings, Piston 122
Robey Boiler 23, 27
Robey Springing Adjustments .... 159
Roof Stays, Fire-box 21

RAVAGE, Boiler 31° Scale and its Removal in Boiler 1

7

Scarab Liquid Fuel System 37
Self-acting, Re-starting Injector . . 79
Semi -flash Boilers 117
Sentinel Engine 119
Sentinel Steering . 164
Sentinel Transmission 127
Shed Day 172, 201
Shifting Eccentric Valve Motion 62
Side-slip 186
Slide Valve, Action of 45
Slide Valve, Balanced 114
Slide Valve, Lap
Slide Valve, Lead

45
45

Slide Valve, Leaky, Testing 199

62
112

Slide Valve Motion, Allen’s
Slide Valve Motion, Clayton
Slide Valve Motion, Gooch
Slide Valve Motion, Hackworth .

.

Slide Valve Motion, Joy’s
Slide Valve Motion, Link
Slide Valve Motion, Shifting Eccen-

tric
Slide Valve, Mounting on Spindle- .

Slide Valve, Piston 115
Slide Valve, Setting 193
Slippery Roads, Working on 186
Smoke and its Prevention 16
Smoke-box Repainting 212
Springing Adjustments, Robey ... 159
Springing, Cross 158
Springing, Front 161
Springing System for Tractors,

Burrell 155
Springing and Transmission 154
Springing, Tractor, Brown and May

156, 163
Springing, Tractor, Foster-Welling-

ton 158
Springing, Tractor, Fowler 159
Springing, Tractor, McLaren 163
Springing, Waggon, Stewart -

Thornycroft 160
Springing, Tractor, Wallis and

Steevens 157
Springing Tractor, Green 157
Spur Pinion Differential 102
Stationary Type Connecting Rod
Staying of Fire-boxes

123
21

Steam Chest, Remachining 209
Steam, Circulation of 18
Steam, Condensation, To Prevent . 43
Steam, Cut-off 54
Steam, Expansive Working of 49
Steam Gauge, Testing . . 204
Steam, Lubrication of 107
Steam, Economy in Lubrication of 180
Steam, Maintaining 179
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Steam, Opening to 54
Steam Pressure and Work 72
Steam, Regulation to Cylinder 45
Steam, Superheated, its Influence

on Design 44
Steam, Superheating 42
Steam and Water, Relative Volumes

of 41
Steel Wheels, Toward’s Pressed ... 170
Steering, Ackermann 164
Steering, Influence on Differential 100
Steering, Leyland 164
Steering, Mann 165
Steering, Nut and Worm 166
Steering, Sentinel 164
Steering, Types of ,. 165
Stewart-Thornycroft Transmission 135
Stewart-Thornycroft Springing . . 160
Stop Valve, Failure of 190
Straps, Eccentric, Changing over . 211
Studs, Broken, Removing 209
Superheated Steam, its Influence

on Design 4'4

Superheating Steam 42
System, Importance of 172

rpASKER Chain-driven Tractor . 154A Tasker Transmission 152
Temperature and Pressure of Steam 42
Three-shaft Transmissions 129
Three-speed Transmissions . 138
Tipping Gear, Hydraulic 85
Tipping Gear, Hydraulic, by Feed

Water Pump 87
Tipping Gear by Feed Water Pump 86
Tipping Gear, Hydraulic, by In-

jector 87
Torque (see Turning Effort).
Toward’s Pressed Steel Wheels ... 170
Tractor Springing, Brown and May

156, 163
Tractor Springing, Foster-Welling-

ton 158
Tractor Springing, Fowler 159
Tractor Springing, Green 157
Tractor Springing, McLaren 163
Tractor Springing, Wallis and

Steevens 157
Tractors, Chain-driven 154
Transmission, Principles of 94
Transmission and Springing 154
Transmission, Tasker 152
Transmission, Yorkshire 138
Transmission, Two-shaft 127
Transmission, Three-shaft 129
Transmission, Four-shaft 142
Trimmings, Lubricator 174
Trusty Lubricator 109

(iContinued).

PAGE
Tubes, Boiler, Blanking 205
Tubes, Boiler, Drawing 206
Tubes, Heating Surface, Value of . 19
Tubes, Leaky, Ferrules for 205
Turning Effort, Leverage in 88
Two-shaft Transmission 127
Two-speed Transmissions . 138
Tyre Alignment 191

JJNDER-TYPE Engines 119

VACUUM, Jacketing Cylinder by . 44
“ Valve, Ball, Atkinson 120
Valve Motion (see Slide Valve).
Valve, Slide (see Slide Valve).
Valve, Stop, Failure of 190
Variable Cut-off with Cam Valve

Motion 56
Vertical Boiler 17
Vertical Boiler, Fire-tube 29
Vertical Water-tube Boiler 31
Victor Lubricator 108
Volume and Pressure of Steam ... 41

WALLIS AND STEEVENS En-
gine 126

Wallis and Steevens Tractor Spring-
ing 157

Washing Out Boiler 202
Water, Circulation of 4, . . 18
Water Consumption 183
Water, Feed Heaters 82
Water Feed, Injector (see Injector).
Water Feed, Pumps (see Pump).
Water Lifter 78
Water and Steam, Relative Volumes

of 41
Water-tube Boiler, Vertical 31
Wear, Crosshead and Guide 125
Wellington-Foster Tractor Spring-

ing 158
Wheel Alignment 191
Wheel, An Endless Lever 94
Wheels, Toward’s Pressed Steel . . 170
Wheels, Wooden, Maintaining .... 191
White Injectors 80
Wooden Wheels, Maintaining .... 191
Work, Definition of 94
Work and Heat 13
Work and Heat in Cylinder ...... 72
Work and Steam Pressure 72
Working Engine 185
Working on Slippery Roads 186

YORKSHIRE Boiler 28
* Yorkshire Transmission 138
Yorkshire Valve Motion 65
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ADVERTISBMENTS. 1 .

“ CARRIMORE”

STEEL TRAILERS
Discard those “Waggon”
Trailers which are a source of
anxiety, delay deliveries, and
are continually under repair,

and . .

BUY A

“CARRIMORE”
which is

DESIGNED AND BUILT BY ENGINEERS FOR

FAST TRAFFIC UNDER ALL CONDITIONS

FREE TRIALS BY ARRANGEMENT

Full particulars sent on application

:

CARROSSERIE LATYMER (1915) LTD.
The Trailer Specialists

PAMBER ST. WORKS, WALMER RD., NOTTING HILL, W.10

AND AT 140. HIGH ST., WATFORD
Telephones—Park 394 Telegrams—“Panic, Norkens, London.”

Watford 640 “Panic, Watford.”



11 . ADVERTISEMENTS.

Solid Tyres

For STEAMERS
and TRAILERS.

WOOD - MILNE, LIMITED
AND G. SPENCER, MOULTON & CO., LTD.

LONDON : 42-46, WIGMORE ST., W.i.
Telephone : Telegrams

:

Mayfair, 6610, etc. “Wudmiln, Wesdo, London.”

Depots and Service Stations

—

London: 10, Whitcher Place, Rochester Rd., Camden
Town, N.W.; Manchester, Leeds, Bristol, Birmingham,
Newcastle, Glasgow, Belfast, Dublin, Liverpool.
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Illlllllllllllllllllllllllllllillllll

“Leylands Cost You—Less Later”

Leyland Steam Wagon Models

5 TON CHASSIS with any type of

body, or with either Hand or Hydraulic

Tipping Gear.

6 TON (Standard) or with long wheel

base and 8 TON (Liverpool type).

Head Office and Works

:

Illllllllimilllllllllllllllllllllllllllllll Leyland - - Lancs. Illlllllllllllllllllllllllllllllllllllllllllll
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Stop the

WASTE.
AVE you ever applied the all-important question

of waste to your tyre bill ?

Every day your vehicles are lying idle, awaiting tyre replace-
ments, means so much waste.

Breakdowns and damage to goods in transit, due to fitting

inferior makes of tyres, represent waste.

Fit tyres that can be relied on to give consistently good
mileage, and reduce your running costs to a minimum.
In other words - have your lorries fitted with

SOLID RUBBER BAND TYRES
Why not use a “WHY NOT?”—ihc longest driving Golf Ball on the Market

HENLEY S TYRE & RUBBER CO., LTD.,

20 & 22, Christopher St., Finsbury Square, London, E.C.2.

Depots at Birmingham, Glasgow, Bristol, Manchester, Liverpool, NewcaslIe-on-Tyne, Leeds.

Fitting Agents throughout the United Kingdom. ’Grams : “ Hetewocol, Fmsquare, London.”

V
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COKE
the Cheapest
Smokeless Fuel
for Steam Waggons

THE steam waggon carries

a heavy load over a given

distance for less money than a

petrol driven waggon, even

when Welsh coal is used as fuel.

When Coke is the fuel used a

greater saving still is effed:ed.

A 5 -ton steamwaggonconsumes

from io to 1 8 lb. of coke per

mile according to load, con-

dition of roads, trailer- load,

condition and type of engine.

The London Coke Committee, Horseferry Road
,
S.W.
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THIS Coke consumption

is not materially greater

than that of Welsh coal. Con-

sequently the direct money-
saving is the difference in price

between Welsh coal and Coke,

and this saving over a year’s

running with a fleet of

steam waggons is considerable.

Coke, moreover, is obtainable at

over 10,600 gasworks through-

out the country, and from coke

merchants and dealers and nu-

merous roadside suppl y depots.

Steam Waggon owners and
drivers should write for free

booklet and list of roadside

Coke Supply Depots, to—

The London
Coke Committee
Horseferry Rd., Westminster, S.W
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RENOLD CHAINS
can now be obtained

FROM STOCK
at our Works or in London

Name of Vehicle.
Size Chain
Tons. No.

Garrett ... 3 6119
,, 5-7 16121

Leyland 5-6 6117
Mann 3 6119

, ,
... ... 5 6121

Ransome 6 6121
Sentinel ... 3-4 6119

|

** • • • 5-6
i 6121

Tasker ... 5 6121
Yorkshire i 3 6119

1

•

” 5 '6121

Allchin ... 3-4 6119

yy ... ... 7 6121
Atkinson 6 6121
Aveling & Porter 3 6119

5-7 6121
Barford & Perkins

!

3 6115
5-6 6117

y y yy 7 6119
Burrell 5-7 6121

Clayton ...
1
5-7 6121

Foden ... 3 6119

” 5-7 6121

Dimensions of the above Renold Chains

Chain
No.

Pitch
Ins.

Ins.

Roller

Diam.
Ins

6115 1.75 1.0 1.0

6117 2.0 1.22 1.15

6119 2.25 1.35 1.35

6121 2.5 1.5 1.55

6123 2.75 1.65 1.75

Current Price Lists on application

HANS RENOLD Ltd., MANCHESTER.
London Office: Bush Lane Chambers, Bush Lane, E.C.4.

Birmingham, Leeds, Glasgow, S. Wales, Montreal.



ADVERTISEMENTS.

Locketyudkins
m INCORPORATED WITH GARDNER LOCKET HINTON LTD.

Telephone :

Avenue 1650 (4 lines).

Telegrams :

“Gardlocket, Fen, London. 1

By Appointment.

Coal Merchants & Contractors

Welsh Goal
for

STEAM
WAGONS
Quotations on ap-

plication for truck

loads of Coal at

any station.

London Depots ;

49, Kentish Town Road, N.W.

Tredegar Road, Bow, E.

G. W. Rly., Shepherd’s Bush, W.

Head Office :

13, Fenchurch Avenue, E.C.3.

Q
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|Powerf\il III\inrvir\ahor\

uiilk P^radfirx

I
T will surprise many users of

Steam Road Vehicles to learn

that a paraffin lamp exists which

will give illumination on a dark

or misty night at 25 to 40 yards.

That Lamp is the
Dependence Model 441

De Luxe,which has been

proved, both m use and

by special photometric

test, to give very unusual

penetration of beam with

paraffin. In misty locali-

ties this is of special

importance— it is well

known that for such

conditions acetylene
illumination is useless,

its brilliant white light

turning the mist into a

blinding'curtain of brilliance.

Full information about this lamp

will be sent immediately we hear

from you.

J. & R. OLDFIELD, LTD.
Refulgent Lamp Works,

Warwick St., Birmingham.
London: 215, Shaftesbury Avenue, W.C.2»

wmm nr.mnm

D|e p e n d|e
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MOTOR COAL
DOWLAIS MERTHYR &
IMPERIAL NAVIGATION

ADMIRALTY
WELSH SMOKELESS LARGE

has been proved under exhaustive

tests to be the most economical
fuel available for use in all types of

STEAM WAGONS, TRACTORS, &c.

PICK-UP DEPOTS
established throughout the country in connection with

the C. M. U. A. Coaling and Night Shelter Scheme.

For further particulars and quotations please apply :

BRADBURY
SON & CO. (1920) Ltd.

7 Victoria Street, London, S.W. 1

Telegrams

:

COALBED, PHONE,

LONDON.

Telephone

:

4000 VICTORIA

(6 Lines).

And at Cardiff, Swansea, Newport, Southampton, Glasgow, Hull, and Newcastle.
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Cables

:

Marconi I

Liebers
A B C 5a Edition

Phone: Telegrams:

3635 Sheffield “ Lorries, Sheffield.”
“ Bates, Lincoln.”
“ Guindi, Cairo.”

Aeronautical Engineers
Motor Car Engineers

.

Steamer Engineers . .

Makers, Manufacturers & Merchants.

Any part of any Motor Car, Aero-

plane or Steamer (new or obsolete)

Made, Machined and Supplied.

QUICK DELIVERIES

Any make of high-class Motor Vehicle,

Steamer or Aircraft supplied.

THE TOLPUTT COMPANY
Offices: LONDON ROAD, SHEFFIELD.

Also LINCOLN and CAIRO.
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IF YOU WANT A

STEAM WAGON
WE CAN SATISFY YOU AS TO

WHICH IS THE BEST

LEGAL AXLE WEIGHTS GUARANTEED

RUNNING COSTS CHALLENGE COMPARISON

EFFICIENCY AND RELIABILITY UNDENIABLE

Write for full particulars of

THE ROBEY WAGON
GLOBE WORKS, LINCOLN
LONDON OFFICE : 91, QUEEN VICTORIA STREET, E.C.
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NORTH BRITISH
u ~

Solid Band TYRES

are made by a British firm

—

and made in true British fashion.

On Steam Road Vehicles “Clincher

Solid Band Tyres will give the utmost

satisfaction. Sturdy and strong, they

are nevertheless remarkably resilient,

lengthening the life of the chassis and

engine by eliminating all shock. For

long mileage and free-from-troubie

service they can never be bettered

and seldom equalled.

Stockists Everywhere •

The NORTH BRITISH
RUBBER Co., Ltd.,

Edinburgh, London,

and Branches.
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It’s a question

of operating costs,

There’s no doubt about it, the

ultimate choice of a vehicle is

decided on a strictly £ s.d. basis.

A man may have a liking for

Petrol waggons, but if you can

prove to him that there is a better

means of transport which will cost

him less, your argument is irresist-

ible. This is the reason why

The “Sentinel”
Steam Waggon
has steadily forged its way ahead

to popularity—this is the reason

why we are to-day turning out

more waggons than the four next

largest manufacturers.

The “Sentinel” is so easy to use,

to maintain in good order, and to

drive. It carries one ton more
than any other waggon.

It saves between
£500 and £1,000 annum

over any petrol waggon.

Tell us to prove this to you to-day.

The “Sentinel” Waggon Works (1920) Ltd., Shrewsbury.
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The tyres that “carry weight” in

the Commercial Vehicle World.
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THE

Standard Injector
FOR

All British Steam Wacons

RENEWAL
PARTS

REFERENCE

A Nut and
Tail.

B
Steam
Cone

X Lift

T ube.

C
Slide
Cone.

K Delivery
Cone.

SV
Stop
Valve.

cc
Check

Valve Cap.

cv
Check
Valve.

WR
• -

1

Water
Cock.

TT
End

Caps.

Send for new descriptive booklet to—

Pendleton,
Manchester.
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ALLCHIN-
STEAM WAGONS

for 3 or 5 ions. Useful loads.

The Steam Wagon
with the reputation

for

EFFICIENCY
STRENGTH
ECONOMY
RELIABILITY

Est. 1847.

IAM ALLCHIN, LIMITED,
GLOBE WORKS, NORTHAMPTON.

Telegrams—

“

Allchin, Globe, Northampton.” Telephone—Northampton 84.
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FRASER*.FRASER L-
TD STEAM wagon
mSr SECTION

BROMLEY-BY-BOW. 3

CORRECT Lubricants on which
d

V .
^

a STEAM LORRIES run efficiently and economically d— d

d

0

0

0

0

0

0

0

0

0

0

0

0

ULSEC”
Cylinder Oil
Grade “S”

does not deposit car-

bon or tarry matter
in cylinder or ports. “ N U L S E C ”

Engine Oil Grade“V”
for bearings and slides.

Having excellent body at

working temperatures.

W. Blackwell <w W &R

“NULSEC”
Crank Case Oil

a perfect cr anl£
chamber lubricant.

Will not emulsify.

The Lubrication Specialists,

Blackwell) Victoria Oil Works, Aston,

BIRMINGHAM.

in

Welding done by either the

ELECTRIC or OXY
ACETYLENE PROCESS.

Covered Garage, also' Mobile

Electric Welding Plant.

Telegrams: “Pressure,
Bochurch, London.”

Telephone : East 66.
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Telephone ; Avenue 5891. Telegraphic Address ; “Subastral, London.”
Established 1858.

THE RELIANCE LUBRICATING OIL COMPANY, Ltd.

19 & 20, WATER LANE, GREAT TOWER ST., LONDON, E.C. 3.

Oils & Greases
For STEAM MOTOR WAGGONS & PETROL MOTOR LORRIES

OBTAIN THE BEST RESULTS BY USING

“RELIANCE OILS”
Carriage Paid any Railway Station U.K.

THE RELIANCE LUBRICATING OIL COMPANY, Ltd., LONDON, E.C.3

The specially selected grades of steel used

in the manufacture of “BRAMPTON”
Roller Chains, and the precision with which

they are made, ensure a maximum of efficiency

and service to the user. They are made
in suitable sizes for the final transmission

on all makes of Steam, Petrol, and Electric

Commercial Vehicles.Your enquiries are invited.

BRAMPTON BROS. LTD. BIRMINGHAM
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J. H. BEATTIE gf CO. LTD.
i Pancras Road - - London N.W.i

; Goal ^Merchants and Steam Hauliers :

BEST MOTOR COAL
== Supplied at Lowest Trade Prices ==
Being owners of a large fleet

of Steam Wagons, our wide

experience enables us to

guarantee results more accu-

rately than ordinary suppliers.

Your enquiries for Motor Coal

delivered by lorry in London and
suburbs, or by truck loads car-

riage paid to any station will have

prompt and personal attention.

EVERY DESCRIPI ION OF COAL SOLD.

WITH WHICHIS
INCORPORATE!)
CD MOTOR CD
CD TRACTION CD

EVERY
SATURDAY

3
d

Everyone interested in motor road trans-

port, whether by steam or petrol vehicles,

Should Read

MOTOR
‘TRANSPORT
The Journal that helps the ztser

to make Road Transport pay.

THE progress and development of motor transport is recorded week

by week. New vehicles, engines, components and accessories are

fully described and illustrated, readers being thus kept in close touch

with current practice in design. For the benefit of owners and users _

—

whether interested in single vehicles or a large or small fleet— useful in-

formation and data is published relating to costs of running and upkeep of

petrol and steam lorries, vans, etc. Attention is also given to electric vehicles.

Advice given GRATIS to readers. Specimen copy sent post free.

Rates for Postal Subscription : Home , 19/6 ;
Abroad

,

23/10
(Canada

,

19/6 ) ;
per annum, post free.

Publishers : ILIFFE & SONS LIMITED, 20, Tudor Street, London, E.C.4
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